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READER. 


F I ſhould here make mention of 'he rims, "1 


Inſtruments that bave, from time$o time, 
by ſeveral learned and ingenious z beers 
invented for the finding f the Hour,  Azh- 
muth, ad other uſual and x ary Aſtronomicaf nd 
Geometrical als rags exceed the bounds f 
4 Prefgce.Wherefore 4 to ſay any thing" 
invented and publiſhed by Orontius, Stoflerus, 
ec. )T ſhall. only ſay foething of et which hath þ 
to recetved beſt acceptance, namely, that of. Mr G 
which(though it be not an exaFProjetion of the Syher 
 exceedeth any of the forementioned, yet that alfsis de- 
ficient, in reſpe# it is particular for ſome one Latitude, | 
«rd the Hour and Azimuth Lines (in all Latitudes 
ds occupie the moſt part of the whole ſurface ny, 4 
arant, and (in ſome Cables) they cannot both be in "Y 


cribed (without confuſion ) upon he ame 0 
fas (8 Ws) your! j LS 


"The Lradrautal part's the Inſtr ment 0 ad -. 
to" thee, is quitted of bot the Aft be UG | 
Famces , and ' hath many -#ther pon Tr For 

(1.)1t is « "4: ah 9% 0%, *# 
being 0 jurt of te ANALEMA by ith 4 

| 2. 


"1 Fd _ other Prob ems ef Jer Gf oe je ſe) 
may ab pq edby the ſame Linealſo : As by w 
is thereby performed in the, Second Part of this 
Tredtife may appear : For” all the, moſt uſual Problems 
 vef theS phere 3 the Requiſites belonging to all the 
moſt ENT ſorts of Sun-Dials : And the Hour, 
Azirnuth, Amplitude, &c: (not only of the Sun, but 
of the Stars alſo) may be found with facility and exats- 
meſs « andif the Inſtrument be mage but of 8 or 9 inches 
lins, At ſhall give #$þe Hour to a minute , «rd the 
bh fo Jo an ; half a" degree, and that without 
.4 Bead » po o, ey thereof. 
ou Th Fong 


Hor yh manner "of ADD the > Re oe 

blens pon the Tnſtrument, the lines thereof being thus 
* diſpoſed, within the configes. of a. | 
rained by bei; e tie enieck 
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Now for the Wings of the Tote y may [t 
adorned (Reader) with what Fe © 
have made choiſe of ſuch as you ſee in *y Schem 
the Inſtrument before. 6 as you Ter dr as being t 
moſt nſeful and necefaryes wo as well diſpoſed, as a 


I Save. yet\ſcen + Aud if the Sd wy 
SeFion f the F [99 Part” hte at 
derſtood,. any Canons, ! proportions, yr 4 


Equal Parts, $ines, gents 07-Secants 
A] which you wy; the Works 
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Tt, orany other Ma- 

thematical Inſtrument, is exactly 
made either in Silver, Braſs, or Wood 
" Mr. Waker Hayee, at. the Croſs-- 


ers _  Moore-Fields, next Door 
s Head Tavern; where 


$2 $8: cole yt of Maps, Globes, 
__*SePhts: Carpenters Rules, Poſt and- 
- Pocket-Dials for any Latitude, Stead 
'Letcers,” Figures, Sines Planets, or 
- Kees, at Rs Rates. 
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The Uſe of the Foregoing "TABLES of the Suns Place 


41d Declination. 


| 
wir Table confiſteth of 12Parts, repreſenting the 
12 Moneths of the Year, as appears by, the Titles at 
the Head of each Part. Then onthe left hand of each 
Moneth is ſet the number of Dayes therein contained 3 
as January 31 days, February 28 days, &*c. Again, in 
the other two Columns under each Moneth, the one | 
contains the degrees and minutes of the Zodiack, in-/ 
which the Sunis at noon, every day 1n the Year; and 
the other ſhews the Suns Declination from the Equino- 
Fial either Northward or Southward every day at 
| Noon. 
Example, I deſire to know the S##s Place, and con-| 
ſequently, his Declination upon the firlt day of Fanu- 
ary, Look in the Table for January, and againſt the 
bor day thereof you ſhall find 21 Capricorn 45, in the 
Column under the 8s place, which ſhews, 
the Sun, that day at Noon, is in 21 d. and45 m.% 
| Capricorn 3 and in the next Column under ['8.Decl.}] - 
you ſhall find 21 46.that ſhews that that day, at Noon 
the Sun is declined from the Equz#0@.Soxthw.21 d. an 
46 m. And thus you may find the SunsPlace and Deelit: 
nation for any day in the Year; as, 


C ' (ES _ d. 
| Mar. 16 — 6 Aries 12 2 
May 11 { TheSunk, 0Gem.34FfAnd his 20 
Aug. 27S will be 413 Yirg.55 >Dec.willh 6 2 
Od. 18F in 5 Scor.lsg 13 1 


Nov. 26 


x14 S4g+ 43 


— — —————fil.uwd 


8 | —» . % "8 


- And herenote;'that the Sun never declineth from 

the EquinoGial, Northward or Southward, move than 

23d. 32m. which is his greateſt Declination 3 and fuch 
Declination he hath, when he-enters into Cancer or 
Capricorn, Which is about the x1 of Je, andthe 1x 

of December, making the longeſt and ſhorteſt days 

and when the Sun is inthe Equinot4al, he haththen no 

Declination at all, and then the Days and the Nights 

ar&of equal length throughout the World; and that is 
| about the 10th. of March, and the 12th, or 13th. of 
September. Lal 

And note further, that from the 10th, of March, t 

the 12th. or 13th. of September, the Sun hath North 
Declination, and he 1s in Northern Signes, Viz« Aries, 
Tallrws. Gemini, Cancer, Leo or Virgo, And from the 
12th, orA 3th. of September, to the 20th.of March, he 

rb geen Declination, and hes m ſome of the Sox-' 
ber Signs, asin Libra, Scorpio, Sagitarizns, Capritors 
all, Aquarius or Piſces, All which'is viſible in the 
| 'T. according to the reſpettive 'Tz#les; and there- 

Hrenomore need be faid concerningit inthis plage,” * 
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The Fuſt Part. 


CONTAINING 


The Deſcription, Conſtrudion and.” 
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Of the Circle, Scales and Lines =O ifs In. 
ftrument, their OI and ConfiruGion. 
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He Inſtrument differeth not muchfrom 
a Quadrant , only the fides' thereof 
are made ſomewhat broader; and the 
Archcomprehended betiveen them is . 
an-exat Quadrant containing go d: 
he-two .broad fides (for dſtinciow) | 

zandthe 2» Ro a ſs bet; 


Ms 
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_Teall the Wings, 
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[2 Panofganon. 
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hem, T call the Quadrantal part of the Inſtruwent 
" The Wires of the Inſtrument muſt be madeof fuct 
a competent breadth, as either of th&n may be & 
pable to receive two Lines at the leaſt to flue fro 
the Center, without mcumbring one another; þ 
this means , eight Scales may be inſcribed upon the 
four ſides of the two Wings, upon which any man 
may placefuch as may beſt ſute with his Faricy or Oc- 
caſfions 3 and the two Wings of the Inſtrument thus 
diſpoſed, having a Quadrant between them, exactly 


{for thigreaſon, I have placed upon them theſe Lines) 


i. 


| 7. Natural Sines and Secants, NN.  Þ '> C 


repreſenteth a SeFor opened to a right-Angle 3; and 


Viz, upon oae Wing, 
3 . EqualParts, 


2. Squares Ol Superficies, 


And upon the Wing oppoſite thereunto, 
3. Right Sires. | 
4. Cubes or Solids. 


Theſe four Scales are placed upon the two Wings| 
on the forelide of the Inſtrument ; - On the two 
Wings on the backfide are ne | 
| 5. Natural Tawgerts. 

% Verſed Sins. | 


And oppoſite unto them, Dn ao, 


8. Chords. *% 


w 
Theſe are ſach Lines as I concety 


{xe conſtruction of them, and inſerting of them 


thoughdivers others might be inſerted; And 
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LL RS AE 5. 7" 
derly on the Initrument,” 4t 1516 WEN KnoWn to altthat FF © 
are Makers of Mathematical Tnſtruments, 'rtiat 1 halls... Jes 
ſay nothing of that in this place; only, inthe making." 
of the Inſtrument, letthem be ſure to make the Simes, # 
J7angents, and Verſed Sines, to the ſame Radizs, And: / 

it were not amiſs, if that in ſome convenient place of? 

the Inſtrument(as there may be found places enough) | 
from the Center, a Scale of equal parts, a Tangent of Jg. 
45 deg. numbered to go. (commonly called an half # 
Tangent) and a Scale of Chords alſo, were inſerted to / 


the ſame Radins,as the Sines, Tangents and Secants are, / 
which - will be of excellent uſe in projection of the” 
g 


Sphear, &*c. ' #0 
Now for the ſakes of ſuch as are ignorang of the * Þ. : 
conſtruftion of theſe Scales, I ſhall add this Fig 


gure : 
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TR "OP" ob ES Szee. 
" Wherein ; the Line CA be the Semidiameter. | 
"2 $ -or Radius of any Circle, as here it is of this Semi- 
+, .carde BAD. 

The Semicircle being deſcribed, divide it into twe 
© equal parts or Quadrants by the perpendicular Line 3 
| C A; then divide each of the Quadrants B A and 
' _.AD into go equal partsor degrees, as in the Figure 
+ 1s done, to every tenth deg. 

This done, your Scheme 1s prepared for the diy1- 

ding of your Scales of Sines, Tangents, 'Secants, 
\ C eta and / erſed Ses ; for. 
CD i a Line of Sx. 
D_E is a Tawgert Line, 
CE1s a Secart. 
AB aChord, and 
B Dis -a Line of Yerſed Sines. 


"_ 
, 
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The Lme 


And the manner how to divide them followeth.. 
1. F or the Line of Chords. 


* Having drawn the Line A B for your Chord-Line, 


. ſer one foot of your Compaſits in the” point B, and 
opening the other to every tenth deg. of the ©Þua- 
Arant, deſcribe occult Avies of-Circles till they cut 


the Line A B, ſo ſhall the Lie AB-.be unequally di- 


. .vided into 90: deg.-which unequal Lg do Jon- 
" ſtitute or make a. Chord-Line. 


FA IIES — ; . «Who © 
: 2. For the Line of Sinex,,, | 
SY - EET | 

From every degree of 
'ocoutr night Lined, all 
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SIS: : PROC, Is wt . "I 7 
| | Pani JTULEL WO = $<uR } 
they nterf{tt or cut the Line A C, b ſhall hol pot 4 


cult” Lines divide - the Line © A Cc into 90/ unequal © + ! 
parts or degrees, which makes the' Scale of Simes: 3 


3. Forthe Line of Tongents, 


Upon the pornt D, ereft a Perpendicular D E,. - 
and through” every degree of the Dwadrant A. D; 
draw right Lines from the Center, till they cut the 
woes 12 Line D E, aykiey that into unequal, 
parts, called TRIES, Gl 


& -£ ee: 


4. F or ih Secantss 0c 'F4 
A right Line draw) FR the Center of the Cir _ 
cle C, through any - degree , of the Qwadrant AD," 
till it meet with the! Taxgert Line, is called the $6 
cant of that degree through which it" cutteth'in the 
vadrant, AS in the Figure, the right Line CE; 
pathng pct 50 deg. che Quadra AD. till ie 
cut the TS SRE 18 E, is the Servant of 50 degi 
{3 nana! 


-26}22:1\ i. For the Ferfed SIA) 
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The. Lines of Verſed Sines is no other than tw” 
Scales of Sines ; wherefore; ſetting one foot of the 
Compalles in the point or Center C, deſcribe occult -. 
Semicircles rhrough-'every 4 egree of the Scale of .._ © 
Sines A C, as the Semicircle GK K H- drawn through _ . + 

o deg. of the, Line of Sines, giveth the point of 50. ©. 

_ a "OE the Fefſed Sines at G,/-and of x39 d. at the”, 
ponEH, fo the whole Line'B D-: is a Scale of Verſed > 
STAEE, RINARY 00S WE IOS ar'C,ande ing” 
ar48o d. at E. Ang 


| 4 ; p —_ 
: . 4 x; < \ a "7 "vj i 
* . 3 of v , 


© And thismay ſervefor the Definition and Geometria 
cal conſiru@ion of thele Lines 3 and the like might 
have been done for the Lines of Squares and Cubes; 
but the beſt way to divide the Scales of Sizes, Tan- 
gents, Secants and Chords, is from the Tables of Na- 
-rural Sines, Tangents and Secants; and the Lines of 
Squares and Cubes are beſt divided from Tables of the 
Square and Cube Roots, The manner how to apply 
thoſe Tables to the transferring of the Lines upon the 
* Inſtrument, 4s ſo well known, and the Tables them- 
ſelv es1n every mans hands that it were needleſs here, 
eithcr to inſertthe Tables, or ſay any thing more con- 
cerning the Lines on the Wings of the Inſtrument, 
- only inthe ſpare places between the general Lines, 
other Lines more particular (as 'of Egpated Bodies, 
Segments of Circles or Sphears, Metals, Tnſcribed Bo» 
dies, of Puddrature,' &c.).may be inſerted, in the 
void places, between the general Lines before-men- 
tioned : And if the Wings of the Inſtrument be made 
broad enough, more Linesthan two upon one Wing 
may be made to tfſue from the Center 3,but the eight 
forementioucd being the moſt uſeful and neceſlary, I 
{hall only exemplifie wthemz;any. other Lines whatſoe- 
'ver, that are LeCribed upon any SeFor whatſoever, 
may be inſertedinto this, and their uſes alſo applied 
hereunto. | And now ſhall follow, | x 


The Deſcription of ſuch Lines as, are inſcribed on the 


4 


2uadrantalP art of uhe Inſtrument... 


The Quadrantal part of the Inſtrument conſiſteth 
of twoſides, viz. I he Foreſide and the Backſide -- The 
 Foreſide is ſome -partof a Projeftion of the Sphear.s 


plano, and ſome orher Scales; and the Back-fide con- 
fiſts only of ſeveral eoncentrzek Circles,” mwhichare 
placed ſeveral circular Scales, principally relating to 
the Motions of the Fixed Stars: 


I. The Deſcription of the Lines, and the Conſtruttion 
of the Forefide of the Inſtrument. | 


Between the two Wings of the Inſtrument 1sleft 
an exaft Quadrant, the Limb whereof is divided 1n- 
togo equal degrees, and ſubdivided into parts, ac- 
cording to the largenels of the Inſtrument, and num- 
bied by 10, 20, 30, &*- (from the left hand rowards 
the right) to go deg. after the uſual manner. And 


within the Superficies, is deſcribed apartof that pro- 


jeion of the Sphear, which is uſually known by the 
name of the ANALEMMA'; andthe manner howto 
draw this Projedtion, for any Latitude orLatitudes , 
isas followeth,” fn Of 


Firſt, Leaving ſome ' convenient ſpace for the de- | 


ſcribing of two Circular Arches, for the inſcription 


of the Moneths, and" Dayes of the Moneths, deſcribe - 


an occult arch of 'a Circle,” as AB and layirig aRu- 
ler from O, the Center'of theInfttyment\to/60 deg. 
Cor to any other more conveni®e number of deg. 


which may be more ſutable tothe Latitude of the : 
place for which' you make Soak Inftrument, as'60/dz  -*: 
le Latitudes whichT have | 


1s moſt ſatable for thoſe mid 


asa Line of Sines 1s divided, - 
Secondly,. Conlider what Latitude'or 
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would. inſert into/your Inſtrument (as have inſerted 
in this Inſtrument, 53n the Figure, all the Latitudes - 
from 46 deg. to 54 deg. which will ſerveall the prin-. 
cipal Places in Exrope, and more might be inſerted, 
But for Inſtance; Suppoſe I would infert the Lati- 
tude of Loxdoz 51 deg. 30m. count the Complement. 
thereof 38 deg. 3o min. upon. the Limb of the Bua- 
dranttrom 60 deg. OT theleft hand, -and from 


the Center of the Pnadrant; thereto lay a Ruler, ſo 
ſhall it cut the Arch formerly drawn in D, anda. 
right Linedrawn from D, perpendicular to the Linc55f 
the Suns Altitude, or Line 'of 60, as the, Line DE, 
(which LineD E_ muſt becontinued(o far beyond the 
Line of 60-4tHl it meetwith a Line drawn from: the 
Center O , te 23d. 30 m.'counted inthe Limb from 


lefi/hand towards the. right, by, Lo; 20; - 30; &c: to: 
120, and farther,.or not ſo far,..as the Latitude * 
the place ſhall af for the counting of the Aza-, 


ay | dl ner 
viding, of the. Hoyrs, which-are numbered from the 


, equal parts v1 degtees zach 
 diow _ part 


n hy * _ "7 * 
» %.a + _ _— # # 
© « - 4 + - a A +» x » = * 


part or degree containing 4 minutes of time : Or, 
cach haurmay bedivided '1nto Halves, Quartetsahd - 
half Quartets,according to the mind of him thatisto 
ufeit,* Andit there be ſeveral Latitudes put wto one 
Inſtrument, as here isfrot'46 to 54 deg. of Latitude 

therr it were neceſtary(at the two extream Latitudes 

to draw Marginal Lines, one above the leffer Lati- 
tude, and the other beneath the greater Latitude,the 
one, wherem to ſet the numbers of the hours, "which 
may be called the Line of Hours, and the other.where- 
m to ſet the numbers of the Azimmths, and may be 
called the 4zimmnth Line. | 7. 

' Fonrthly, Count 23 det. 3o min.: (the Suns' great- 
eſt declination.) from 60 inthe Limb, 6n either 
fide thereof, and. from the Center O, thereto lay a 
Ruler, which ſball cut the circular Arch: formerly 
drawn, onthe righthand of 60, atthe points, and 
on the left: hand of 60, at the:point? fo a right Line 
drawn from: theſe two points Cancer and Capricorn, 
ſhall be called rhe Zodiacks (and this Zodiack..is allo 
theline for the Latitude of 23 deg. 30 min. though 
ir be generally to be uſed with all other Latitude: 
asinthe following Utes will appear. )—— For the dF 
iding of this' Zodiack-Line; it is divided m all 
Fl as a Line' of. Sinesis-divided;: but thenum- 
bering thereof is! differeiitz for - it-repreſentingthe 
Zodiack'is divided into 12 parts, anfiwerableto the 
12 Sipnes, and is numbered fromthe middle thereof, 
cowards therighthand;: 7 lob ems 


Thus 3 
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And from'the middle thereof towards the left hand, 


z 


vp 
Under the line | 2010" 2010N 2010. 


: 


Above the lhne ] IO 20 IO 20 K19209; 
Thus, 


Fiſthly, This Scale or  Zodjack, (1s contained be- | 
tween 23 deg. 3o min. and 23 deg. 3Zom. oneitherfide | 
of theline of 60. So that the 23 deg. 3om. of the 
Limb, which hethon the right hand, are to be count- 
ed as the 23 deg. 30m. of the Suns North Declination, 
and the. 23 deg.: 3om; on the left hand, are to. be 
-countedas the degrees of the Suns South Declinativr: 
and may be called the Scale of the Suns Declination. 

$ixthly, Between the Limb of the Puadrart, and 
the Circular-Arch before drawn, are deſcribed/two 
Circles, containing the Moncths, and Dayes of each 
Moneth in the year, vis. In the uppermoſt1s 1nfcribed 
one halt of the year, 'namely, the Springand Summer 
Quarters, containing part of. Decemver,: all January, 
Febraay, March, April, 24zy; and part of June z:and 
the ;undermolt .contains -- nary and Winter 
Quarters:y.namely:;, part of\-Jure-, 'all:J#ljz Auguſt, 
September., OGbbeks Nornander? and-part edi: 
Theſe rwo Circles are called the Cireles: of Moneths, 
andthe manner. how to divide! them ' 1s ſufficien 
EAnown;- for they may: be divided by Fables of the 
Suns declination, from the Scales'of the:Suns:Decli- 
nation 3 or from Tables of the Suns place, from the 
Zoazack:line : This1s fowell Kknown;and the Tables ſo 
common, both in this and other Books, that itwere 


needles today more cancerning it... [+ :-//1:1.3 5 | 
. "2 _ Thus 


\%. 
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Thus : have youa"Deſcription of the General Lines 
which are inſcribed upon the £radrantal part of. the 
foreſide of the Inſtrament : | Wherein you are to'ob- 
ſerve, that if you are to. inſett never ſo many lines of 
Latitudes, they muſt all of them be divided asif they. 
were ſomany ſeveral lines of Sinesz butinferting ma- 
ny Latitudes together (as here I have done, ' for g'or 
10 ſeveral degrees of Latitude) the ſeveral Lines may 
be divided by Arches of E/pſes (elpectallytor every: 
5th. degree) and | the intermediate} divilions- |by) 
Pricks only, which will not only be-eafte to deſcribe; 
but very.pleaſant and:ready to count byz;andthe hour-: 
points of 12, and Azimuths of. oo deg. in all Lati- 
tudes, willbe a perfe& Circle; the Hours of ſix,; and 
Azimuths of go deg. will bea ſ[traightline, andall the/ 
other, Elliptical Arches ; and are left to be ,ſo-deſcri-' 
bed. | 

Befides theſe Lines before deſcribed,: there are o- 
ther Lines: As, 

I. A Lineof three Hours, . placed near to one ofthe 
Wings of the \Inftriment , which, is no other thay a 
Tajigent lite of 45 deg. made-to half the Radins-of- 
the Inſtrument ; and\ may be divided by a Tableof 
Natural Tangents, into the Degrees — Minut: 8 be- 
longing: to the Quarters, Halves', Three Quarters, 
and hate Hours. It ſtandeth neertothe right wing 
of the Inſtrument, and is divided firlt into 3 T's 
parts,” 'mafked] with ***, repreſenting whole hours; 


then either of theſe three parts is dividediinto two o- | 
ther anequal parts, marked with little ſhort lines, this, | 
| | |, repreſenting halffhours: {And again, every*of : 
theſe*partsisdividedinto two other unequal parts, by 
points only; as - -- ---, repreſenting quarters of 
iT © WS hours, 
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hours. - This Scale is called the Scale of three Hours, 
2. Beſides this Line of Three Hours, there is ano- 
ther Line, called the Latitade-Line, which Line con. 
tains the numbers of the Complements of fuch degrees 
of Latitudeas are inſerted in theInſtrumentz which 
Line may bemadeto cvery degree of Latitude, and 
that in this manner : | 
Make the Hour or Azimuth-Scale belonging to 
each particular Latitude, a ſeveral Kadiws, or 1000 
parts. The ſeveral points m the Latitudeine from 
36to 54, are the Natural Tangents of 'the Comple- 
ments of thoſe 'Latitudes; as. the Natural Tangent: 
726 giveth the point of -36 deg. of Latitude in the' 
Line of Latitudes, its' Complement 54 deg. of Latit. 
being made the Redjvs, and the reſt as in the Table 


following. - 
ATable for the dividing of the Latitude: Line. g 


ESE, 


= Latitude..] Tan 
"36, | 1-376 | | 45" .þL:5,000 | 
37 I - 327} 46 O.- 965 
38 I — 279 47 O = 932 
39 L 7234 43 . lo - foo, 
af :. £771 INN |. 49. :| 9-869 
: 31 of, 10" | 59; | 9:7 839 
42 I - II© | STI [on 310 
24 a 2ON3” [i 10.183 9,- 781] 
1.44 *: Ou 53; | 2:5.753 
$:: I iautidgt | (..-54' 4 0:5.726 
' ao *re” to DAPEEIK TK; _— 
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Thu Table of Latitudes may teafily:be continged 
to any other degr. of. Latitade,, \eyen fromthe Equi> 
notial tothe Pole, and may be ſet 'in any ſpare place 
upon the Inſtrument ; but beſt, and moſt'readieſt, 
near tooneot the Wings. And-thus have you a-De- 
(cription of allthe Lines on the foreſide of the Qua- 
drantal part: of the Inſtrument. - KA 1 


Il. The Deſcription of the: Circles ou the Back ſide 
of the Quadrantal Part. 


| Next, above the equal Limb of 90 degr. there 1s, 
1A Girele wm t Aſceuſions in Time, the _ 
4drant b:tag diwided into 24 equal parts; fignifi- 
_ hours, aod.numbered-from the left _— 
right hand, by 1, 2, 3, 4,4, to: 12-in the middle; 
and then forward forward from the middle 12, by 1, 


the - 


2;3,&c«to 12 at theend 3the x2in the middle fignt- - | 

fying 12 at Midnight.: | | | 
.- 9. There is a Cirole of \Kight Aſcenſtons in Degrees 

and Minutes, the 9 t being divided into 360 


one degr. of 'the: amb being equal to ſome 
Oey > Es from rae. org Jer 
the left, by ro, 20; 30, nc. to:360. ' This Circle 1s 
uſeful to convert Degr. and Minutes of the Equino- 
CRWEINS ——_— aw re 
3.) AnFcliptick.;- havingatevery3ath.deg. of the. 
Circle of \Rigbt feafands the Charatters of one of 
the 8igzs, azat the beginning, ' towards the right 
hand, is Aries 3 3o deg. forwarder is Tawrys; and 30 
deg. forwarder, Gemins, bcc. -- } 
- 4» Above this Circle isafmall Margin, having in it 
- only the Charaters of ſach'Starsasareplaced' uy the 
Inftrament, 5. The 
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' 5, The Names of thaſe Stars, and are inſerted ac- 
cording totheir Kight Aſcenſtons. 38 

6. Above the Names, is ſet the Deciirations of 
thoſe Stars. And, , 

7. Their Magnitudes, 

The Stars placed in the Inſtrument, may vey: 
either ſuch as are in the Table at the end of this Book, 
or ſuch others as are beſt known or deſired by the 
Uſer of the Inſtrument. And being there 1s ſome 
ſpare place between theſe Circlesand the Center of the 
Inſtrument - (ſuch as defire it) may have there inſert- 
ed ſuch hour-Linesas are uſually drawn upon Mr.Gu- 
ter's Quadrant 3 for that they give the Hour mare 
readily (though not fo exactly) as the Scales on the 
other lide of: the Inſtrument. 


And thus have: you- a particular account of the 
ſeveral Lines, Scales and Circle inſcribed apon 
the whole Inſtrument; to which alſo'there be- 
longeth two S:ghts,: a Thred: and Plunmet," 281s 
uſual inall Qxadrants. 1 But befides the ordinary” 
Line and Plummet, which may/be: made to-hang* 
excentrick to-the-Center of the Pnadrant,] on. 
the backſide, I would havea very:fine Hait, Silk, 
or Wire, to.go quite through the Center of: the 

Inſtrument, Rn be-faſtned'at either: tnd. to a 
piece of Brats, having a Groovein it equal tothe 
Limb. of the Quadrant, and in ithat Groove a ' 
Spring, which-niay at all times: keep the String 
ſtraight from the Center of the Quadrants'and- 
being moyed-along,;:may ſtand fixed in any go- 
ition whatſoever 1 This Gtoove may'beriirned: 
#5 1 afide- 


\ 


aſide under one of the Wings of the Inſtrument, 
at_ any time, when- you-are to take the Altitude 
of the Sun or Stars; fo that it may not hinder 
the motion or 'playing” of the other Thred and 
Plummet, whichisto be'put on and taken off at 
woo, but the other would be conſtantly 

xed. 1.1 1. S Ras. 


= * * i. &: k 
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And thus much\ball ſerve for theDeſcription; how 
(hall follow the Uſes of the Inſtrument. 
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SECT. IL 


Of the General Uſe of the Inſirument, 
andthe manner of working uponit. 


He Inſtrument being madeand fitted as 1s before 
direed, the Wings thereof do exactly repre- 
ſenta Se&or opened toa right Angle, and the moti- 
on of the Thred between the two Wings, do make 
it a SeFor opened to any Angle leſs thana right An- 
gle;by which means,all Proportions may be wrought 
by it, as well as by a SeFor z and altogether as ex- 
aGly, eaſily, and more expeditiouſly than by the SeFor; 
whether the Proportion to be wrought, be to be per- 
formed upon one fingle Line, or upon twoor more 
Linesz and whether the Proportion be Dire or Re- 
ciprocal. 


For the manner of working upon the Inſtrument 
in genera], theſe thingsaretobe conſidered, 


I. The manner how to diſpoſe the Terms of the Pro- 
portion: And, 


2. The Terms being truly diſpoſed, how to apply them 
to, and work them npon the Infirument. 5 3-4bed 


And for the Diſpoſition of the Terms ; 


1. If the 4 Terms be all of one kind, or denomi- 
nation, - 


nation, ſoas the firſt isto the ſecond, as the third may 
be to the fourth. 


- 2. But to diſpoſe the Terms of a Proportion of 
different kinds, you are ſo to order them (as near as 
'ou can) that the firſtand the third may be of one 
ind, name,' or denomination 3 and the ſecond and 


fourth Terms of another. 


The Terms being diſpoſcd, to know upon what 
Scale your work mult be performed , when they are 
of different kinds; | 

Compare the two firſt Terms of your Proportion 
together,and find which of them is them is the long- 
eſt (which you may do by meaſuring each of them 
upon his proper Scale) and upon that Scale which 
belongeth to the longeſt Ferm, muſtthe Proportion 


be performed, 


© - © The Terms being diſpoſed, and the Scale upon 
which the Proportion is tobe wrought, known; the 
manner of working 'upon the Inſtrument, will be 
twofold: And for the two different manners of 


working, obſerve theſe two General Rules. 


Paii92ganon. 
| | Tike the Second Terr out 
! of its proper Scale, and ſet 
[that diſtance in the point of 
|the Firſt Term, bringing the 
| Thred to the neareſt diſtance, 
Then from the point of the 
[LESSER | Third Term; take the neareſt 
| than the< diſtance to the Thred ; and 
Firſt, - diſtance meaſured upon 


18 


the Scale , from whence the 
| Second! Term was taken, ſhall 
|  gIVe the Fourth Term tequi- 
red. | 
| And this is called LATERA 
\Entrance. 


Take the Firſt Termonit of 
| its proper Scale, and fetthat 
| diſtance in the point of. the 

| Second Term, bringing . the 

|Thredto the nearclt di ance. 

| __ | Thentakethe Third T5 6lit 

| GREATER | of 1ts IS with 

| than theo that difttnce?Y mbve-one foot 

i Furſt, _ the Compaſlles gently a- 

long the Line, till the other, 

| | being parton about,may only 

Frouc the Thred:; fo ſhall the 

$a + Compalſs-point reſt in the 
| Fourth Termrequired. 

7 | (And thisis called PARAL- 

(LEL Enterance, 


Thus 
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Thus have you. the wayes of working, and the 
difference, or diſtinQion, ED Parallel and Le- 
teral Enterance;z the Ground and Reaſon whereof is 
demonſtrated 1n the ſecond and fourth. Prop. of the 
6th, of Exclide, and needs not here be repeated ;; for, 
in this. Treatiſe I do not defign Demonſtration, but 
PraFice. And that what is now laſt delivered, may 
the more evidently appear ('forin the following Ex- 
amples I intend to avoid Circumlocutions ) I will 
addea plainScheme, with an example of each kind 
wrought upon It. 


Example 1. 


Let there be three Numbers given, vize 8 $o and 
48, and let it be required to find a fe 


which ſhall be in proportion 
Cl , cre, | 1 | 
e kind or d ina- 


(thefirſt ) 15to 50 (the 


be toa fourth, whic 


t10n, _, : \ = k | 

2. The Propertion is, that dE {t Term 80, is 
tothe erm 50, ſomyſt the third Term 
48, bgto a fourth, Term, Vee Ra 1 

3. ſe the ſecon&Term in the Proportic 


Term 2 5 
it muſt be wrought upon the Inſtrument by 


50) 1s leſs than the 
f 
e firſt General Rule, by, lateral Emfrance as 
lloweth. wn 


\ 
% i \ ' | 
"| 


In the Scheme following, let ABCD'tepreſent 


your Inſkument, AB being one Wing, AC the 0- 
ther Wig and A D the- moveable Thred. - Upon 


D 2 the 
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the Wing A Bis a Line of Sincz, andupon the Wing 
A Cisthe Line of equal parts 3 upon which this pro- 
portion is to be wrought; Wherefore, the ſecond 
termin the Proportion , being leſs than the firſt (ac- 
cording to the firſt general Rule) I take the ſecond 
term (50) out of the Scale of equal Parts, and (ctting 
that diſtance in (80) the fecond term, I turn the o0- 
ther foot of the Compalles about, making a repre- 
ſentative Arch; asE, till Ibring the Thred AD only 
to touch the moveable point of the Compaſſes, and 
there lct the String reſt (for it is fixed for this propor- 
tion.) Thenſetting one point of the Compalles in 
the third Term(48) I turn the other foot about, till 


a Fo 
tO £50 , 
« B5:3 ©) 
- 
a >. 


it 
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it only touch the Thred, making a repreſentative 
Arch, as at F. Laſtly, This diſtance of the Com- 
palles meaſured upon the Line of equal parts, will 
reach from the beginning thereof, to 303 ſo that 30 
1s the fourth oronbatioew rgquired ; for, 
As &Ooisto50:: fo 18 48: to30. 


Example 2, 


But if the three proportional terms given,had been 
50. 80. 3o. then the Proportion muſt have been 
wrought according to the ſecond General Rule, - by 
Parallel Entrance, as followeth, | 

Here, (becauſe the ſecond term is greater thanthe 
firſt, I take the firſt term (50) out of the Scale of e- 
qual parts, and ſetting one footin the ping of the ſe- 
cond term (80) I bringthe Thred tothe neareſt di- 
ſtance. Thenout of the Scale, I take the third term 
(30) and with thisdiftatice of the Compaſſes, I move 
one foot thexeof gently along the Scale of equal parts, 
till the artrer, bein ruredbowr, it may only tonch 
the Thred, as by the Arch F in the Scheme is repre- 
ſented; and ſo you ſhall find the point of the Com- 
paſſes to reſtin 48, which is the h 'proportiqual 
term required, For, | 

As 50 :isto 8 : *$01530 : kg RF8. ' | 

This 1s veryÞplain:: And theh to be done in 
all caſes, where the four-terms of one kind, 
name or denomination. And if they be. of different 
kinds, then the following Examples make that 
plain alſo. Nh ESR. - 20 

Wherefore let us take an Example in Sizex: 
ich are Terms of.differer 


A. [ . 
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the Wing A Bis a Line of Sinez, and upon the Wing 
A Cis the Line of equal parts 3 upon which this pro- 
portion is to be wrought; Wherefore, the ſecond 
termin the Proportion , being leſs than the firſt (ac- 
cording to the firſt general Rule) I take the ſecond 
term (32) out of the Scale of equal Parts, and (crting 
that diſtance in (80) the ſecond term, I turn the 0- 
ther foot of the Compalles about, making a repre- 
ſentative Arch, asE, till I bring the Thred AD only 
to touch the moveable point of the Compaſſes, and 
there let the String reſt (for it is fixed for this PFOPOr- 
tion.) Thenſetting one point of the Compaſlles in 
the third Term (48) I tura the other foot about, till 
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it only touch the Thred, making a repreſentative 
Arch, as at F. Laſtly, This diſtance of the Com- 
palles meaſured upon the Line of equal parts, will 


reach from the beginning thereof, to 303; fo that 30. 


15 the fourth proportional] term rgquired ; for, 
As 8oist050:: fois 48: to30, 


Example 2, 


But if the three proportional terms given,had been 
50. 80. 3o. then the Proportion muſt have been 
wrought according to the ſecond General Rule, - by 
Parallel Entrance, as followeth, | 

Here, (becauſe the ſecond term is greater thanthe 
firſt, I take the firſt term (50) out of the Scale of e- 
qual parts, and ſetting one tootinthe paint of the ſe- 
cond term (80) I bring the Thred to the neareſt di- 
ſtance. Thenout of the Scale, I take the third term 
(30) and with thisdiftatice of the Compaſſes, I move 


one foot thereof gently ch the Scale of equal parts, 
h 


till the arher, being turne , it may only touch 
the Thred, as by the Arch F in the Scheme is repre- 
ſented; and fo you ſhall find the,point of the Com- 
paſſes to reſt in 48, which is the faurth proportiqnal 
term required, For, | 
As 50 :isto 8 : *S$01is30 : kp F8. WEE 

This is very Þplain:: And thel to be done in 
all caſes, where the four-terms 
name or denomination. And if they 


of different 


kinds, then the following Examples will make that 
lain alſo. TN ERS. + & 
' | Wherefore letus take an Example in Sizes and equal 


of one kind, 


Panozganon. 
Example 3. 


Let the Terms of the Proportion bs, 

AsSine 60d. tothe numb. 35 :: So Sine 48 d. to what 
Number ? " 

The firſt and ſecond Terms are,Sine 60 d.and Num- 
ber 35. 

Now to know which of thele two is the greateſt ; 
If you take 60 deg. out of the Line of Sines, you 
ſhall find it to be much longer than 35 of the equal 
parts 3 which ſhews that the proportion muſt be 
wrought upon the Scale of Sines. 
| And the ſecond Term being leſs than the firft , 
ſhews alſo, that it muſt be wrought by the firlt Gene- 
ral Rule. Wherefore, | 

Takethe ſecond Term (35) out of the Scale of e- 

ual parts, and ſetting one foot of that extent inthe 

xa) Term 60 deg, of the Signes, bring the Thred 
AG to the neareſt diſtance (as at the Arch H,) and 
there letit reſt: Then from the third Term (Sine 
48 d.) takethe neareſt diſtance tothe Thred (as at 
the Arch I ) which diſtance being meaſured upon 
the Scale of equal parts, will reach from the beginning 
thereof to 3o ; ſothat the Number 30 is the fourth 
proportional Term : For, 


ASS. 60 d. is toN. 35: : So 18S, 48d. to N. 3o. 


But to frame an Example that may fall under the 
' ſecond General Rule : Which, letbe this. 


Exams 


LL - 


Pano2eaiion; 


Example 4. 


Let the Terms of the Proportion be 
AsS.60d. to N. 90: Sothe$.of 43 d:to what Num- 
S.- FF os | 
Here by trial you ſhall find that the Number go, 
(the ſecond Term) is greater than the Sine 60 d.(the 
firſt Term) and therefore the Proportion muſt be 
wrought upon the Line of equal parts; and the ſe- 
cond Terg being greater than the firſt, it muſt. be 
wrought by the ſecond General Rule. Wherefore, 
take 60 d. out of the Line of Sines, and ſetting one 
foot of that extent in 9o, the ſecond Term , bring 
the Thred K to the neareſt diſtance, as at L, and 
therelet it reſt; then from the Line of Sines, take - 
the third Term (48d.) and with this diſtance, move 
one foot of the Compaſles along the Line of equal 
parts, till the other, being turned about, may only 
touch the Thred ; and then will the Compaſls-point 


refFPRon - Line of equal parts, at77j, which is 
the foitrth Proportional Number. For, 
AsS. 60d. isto N. 9o. So18S. 48d. toN.77;. 


Thus have you the ſeveral various wayes of work- 
ing upon the Inſtrument; and thele 4 Examples 
well underſtood, nothing that is to follow, wall 
be difficult ; for whatſoever before was done in 
equal parts alone, the like may be done, (and the 
ſame Rules are to be obſerved.) in Sines, Tdngents, 
8quares, Cubes alone alſo. And what is done 11 S7zes 
and equal parts, the like may bedone (with theſame 


Cautions) in Tangents and equal parts, 
Tangents 


Panozganon, 
Tangents and Sines, 
Sines and Tangents, 

Equal Parts and Squares. 


Squares and Cubes. 
Cubes and Equal Parts, &c. 


And having thus laid the Foundation, I ſhall now 
proceed to Examples of divers kinds, uſing all Brevi- 
ty, and as much perſpicuity as may be. 


iy - » 
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SECT. II 


Shewing ſome Uſes of the Line of E- 
GOAL PARTS: fmegly in Arith- 
metick and Geometry. _ 


Pp EEE EE . —_— 


- 


I. In Arithmetick. 


P r ob. I 0 
To perform Multiplication by the Line of Equal Parts, 


AS the ambiphcend is o the Mulvpher Cor the 
contrary) ſois Ore (or Unity) tothe Produt. 


The RULE. 


Take the leſſer of the two Numbers to be multiplied, 
out of the Line , and with that diſtance of the 
Compaſſes, ſet one foot in the Term of the greater 
Number 5 and bring the Thred to the neareſt di- 
ſtance: _ Then from 10' at the end of the line, take 
the neareſt diſtance tothe Thred, this diſtance ſhall 
reach from the beginning of the line tothe Produ@# 
of thoſe two Numbers being multiplied together. 

E Example. 


26 Pandfganon. k& 
Example. Ne” 
Let it be reguiwredyo multtply;#3 by 56. 

Out of the pany 56;and with that diſtance, 
ſetting one foot of the Compaſles in 83, bring the 
Thred to the neareſt diſtanee 4, then from 10 at the, 
cnd of theLine.take the neareſtdiſkance to the Thred;- 
ſo ſhall that, .extent- of the Compaſſes reach. fromthe 
beginning ofthe Line to 4648, which is the Produtt 
of 83, being multipliedby 56. + on c7 


—— 


Prob. 5. 


To perform Diviſion by #herLyne of Equal Parts. 


' A S:the Dividend is. to the, Divifor (or the.contra- 
A ry) fois Oze (or Unity) to the Quotient. 


odors (TIANLE, i 
Ada (in your mind)to the Dividar ſo many Cyphers 4s 


may make it to be of equal number of places with 
the Dividend, and then conſider whether the Di- 
vidend or the Diviſorbe the greater. ; ſo 
taking . the leſſer Number. out of the line, ſet that 
exteut in the Term of the greater, bringing the 
Thred to the neareſt diſtance; then the neareſt di- 
ſtance taken from 10 at the end. of the-Line, to © 
the Thred, being meaſured. upon the-Line ,- ſhall 
there ſhew the Quoticat. nt AA 


Example 


__ Panorganon WE SFLpet 
+. 

; Example 1. 
Let 4t beremuiredt divide 


Here 4648 1s Dividend, and 83 the Diviſor ; to 
which add two Ciphefs (as wind ) it makes it 8300, 
which 1s greater than the Dividend 4648 ; wherefore 
by the Rule, | | 

Take 4648 (the Dividend) out: of the Line, and 
ſet it in 83 (the Dzviſor) bringing theiThredto; the 
neareſt diſtance z then from (10 at the end of the 
Line) take the neareſt diſtance to the Thred 5 that 
extent meaſured upon the Line, ſhallreach (from the 
beginning bona? 56, Which 1s-thc- @wotient, 
But, ic rmeers! 

Example 2. 
Let it be required. to. divide 864 by 27. 

To 27, ſuppolſea Cipher to be-added, tomake it 
of equal number of places with-8643- then'27.(or 
270) being the leſſer number, take it out of the 
Line, and {et it-in- the Term': of 864; bringing the 
Thred to the neareſt diſtance 3thentake theneareſt 
diſtance from x10:at the-end, to;the Thred, and that 
extent mealred upon:the Line, (ſhall | reach trom tlie 
begmning thereof ro 324 Which is:tht Prot ientarni 


$4 
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Prob. 3. 
To work, the Rule of Three (or Rule of Proportion) 


commonly called the GOLDEN RULE, by the Line 
of EQUAL PT ARTS, 


or ——_—_ 


This is noother than what hath been formerly de- 
hvered in the General manner of working upon the 
Inſtrament 3 but for more variety, take theſe follow- 
ing Examples. 


; Example r. 
If 23 Shillings will buy 40 Qmarts of Eiquoy of any 
kind, how many Puarts will 53 Shillings buy ? 


Here the ſecond Term is greater than the firſt; 
therefore by the ſecond Gemeral Rule, 

Take in your Compaſles out of the Line the firſt 
Term (23) and fer it in the Termoof the ſecond (40) 
bringing the Thred to the neareſt diſtance. n 
take out of the Line, the third Term (53) and moving 
the Compaſs-point along the Line, till the other foot 
touch the Fhred, the Compalſs-point ſhall reſt in 


g2 and x, and fo many Quarts will be bought for 
53 Shillings. | 


As 23 ſh.is to 40 Qu.:: Sois 53 ſh..: to.92 ; Qu, 


Example 2. | 
If when a Board is 12 Inches broad, it ſhall require 
u2 Inches in length to make a 8quare Foot ; how many 


Inches 


l X - 0 - - 
: 4 4 ; . - 
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Inches FL length ſhall make a ſquare foot when the Board 
is 16 Inches broad ? + 01 | 


Here the firſt and ſecond Terms are equal ; where« 
fore, takeeither of them (viz. 12 )out of the Line, 
and in the point 16, ſetthe Compaſles, and bring the 
Thred to the neareſt diftance 3 thentake the neareſt 
diſtance from 12, to the Thred ; and that,meaſured. 
upon the Line, ſhall give 9. for the number of Inches 
which ſhall make a ſquare foot when the breadth-.is 
16 Inches. | 

| Example.3. 

If 20 Workmen will do any piece of Work in Yo weeks 
time, how many muſt be employed to do the ſame in 30 
weeks £ | 


Take 20 out of the Scale, and ſet-it in the Term 


of 30, bringing the Thred to the neareſt diftance 5; 
then from 80, take the neareſt diſtance to the Thred, 
and that ſhall reach from the beginning ofthe Lire to 
93 1; andſo many men muſt be employed to do the 
ſame piece of Work in 3o weeks. 


Example 4. . 
If 72 Crowns will pay 54 Souldiers , how many Soul- 
ajers will 95 Crowns pay * 
As72Cr. is t054 So.:: Sois95 Cr.to 71 zSould. 


Take 54 out of theLine, and ſet it in the Termof 
72, bringing the Thred to the neareſt diſtance; then - 
from:95, take the neareſt diſtance tothe Thred; that 
extent meaſured upon the Line, ſhall reach from the 
beginning thereof to 71 and aquarterz and ſo many 
Souldjers will 95 Crowns pay.  _ Exam« 


30 Panozganon? - 
Example 5. CROTEY: = 
If 4001. in 6 Moneths time , will gain 12 |. how 
much ſhall 650 I. gain in the ſame time £ 
As 40ol.:to 12/.::S0650 h.:to 19.105, 


INs 


Take 12 out of the Line, and ſetitin the Termof 
400, bringing the Thred to the neareſt-diſtance z 
then from 650, take the neareſt diſtance to the Thred; 
that diſtance meaſured upon the Line , ſhall reach 
from the beginning thereof, to T9 anda halt; orto 
I9/. 10 5.and ſo much will 650 L. yield 1n6 Moneths, 


Infinite Examples of this kind mightbe propoſed; 
but theſe are ſufficient to ſhew what may be done by 
the Line; and any perſon may frame Queſtions of his 
own at- pleaſure. And what is here faid of the ſim- 
ple Ruleof Proportion, the like may be done inthe 
double (or compound Rule) attwo Operations. _ 


IL I Geometry. 


eps 6 ten 


A Rieht Line being given, how to divide the {ame into 
- | any Number of 'Equal/Parts,11; nt 00 


Cues the Line AB wete aLinergiven, to be di-- 
vided into'8' equal-parts : | + 

- Take in your ? Compaſles the length of the Line 
given, and ferting one foot of. that» extent | in the 
point 8, upon the Line of equal: parts:;(which is the: 
number of parts into which theLine isto be divided ): 
and bring the Thred to the neareſt diſtance ; then 
from the point r, upon theLine, take the neareſt di-- 
ſtanee-to the Thred, and that diſtance ſhall divide 
the Line&'A B into'8 equal parts in the-points I, 2,3, 
42 5» 6, 7, &- | . 


& 


P 1 


But (becaule the point 1, falls near the Center of 
the Inſtrument ) it may be found ſomewhat inconve- 
nient totake the neareſt diſtance from it tothe Thred;z 
you may therefore take- the neareſt diſtance to 7, 
(whichis one part leſs than the number of parts into 


whichthe Line is to be divided, and the neareſt di- 
{tance 


x 2-59 + pe» 8 
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32 | S. 
ſtance from thence to the Thred, ſhall reach from A 
to7; and fo B 7 ,1is one 8th. part of the Line A B, 

In the ame manner may a Line be divided intoa- 
ny other number of equal parts... 
As.if you wanld divide a Line ito T2 i parts; 
here (becaule the parts exceed 10, the number of the 
Line upon the Inſtrument). take the half thereof,vis, 
4.Then take the Line given in your Compaſlles,and ſet 
it in any point upon the Line, that will divide 12 
into equal parts without any remainer; as 4 will di- 
vide 12 into 3 equal pores F will divide 12 into 4 e- 
qual parts, and 6 will divide 12 into 2 equal 
without any remainer. Set .the Sign given 1n'the 
point 10 at the end of the Line, and bring the Thred 
to the neareſt diſtance ; thenif you take the diſtance 
betwecu'5 and the Thred, that divide the Line 
into 2 equal /parts,' and that diſtance ſet in 6, and 
the Thred broughtto the neareſt diſtance, the near- 
eſt diſtance between 1 and the Thred, ſhall give you 
+ . of the whole Line; but it will be better totake 
the neareſt diſtance between 5 and the Thred;z and 
that ſhall give 5 parts, which will be ſufficient-to di- 
vide your Line bh | 
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To lay down s« Lite repreſenting any poht 0 parks. of 4 
gruen . Line. 


. Example. 

| Let the Line CD bea Line containing 160 <qual 
parts .of ſome-unknown-Scale, andI-would find the 
point of 75 of thoſe Co ups 

' Take theLineCDin your Compaſlcs, and ſetting 
one foot ih wy I00) attheend of the Line, bring 
the Thred to neareſt diſtance; then from 75 to * 
the Thred, take the neareſt diſtance,,and that length 
ſhall reach from Cto E:; fo ſhall 


| 
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CEcontain 75 ſuch/parts, of which -the whole Line 


Panorgamon. 
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Prob.'6. 
Ss # 
To increaſe or diminiſh # Line accordivey 40 any: propor- 
#70n groven, | 


Examples. 1-5 
Let F GbealLine given, and 1et-ht: be required to 
increaſe the ſame int {ach proportionas5/ist0 7, / 


Takethe Line FG in the-Compaſles, and ſettin 
one foot inthe” Term 5, bring the Thred to 7 piogaas 


— #4 = 
F —— & 


» . 
d __— 3 
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diſtance; thenfrom 7 (the other proportional Term) 
, take the neareſt diſtance to the Thred, andthat di- 
ftance{hall be the Linie HI , and fo's "the LineF G 
impaled in proportion , as 5 18 to 7, by the Line 


Example 2. 
But if it were required to diminiſh the Line HI in 
+ ſuch proportion as7 8to5. Then, - 

Take the Line HI in the Compaſſes, and ſetting 
one foot in 7,bring the Thred to the neareſt diſtance; 
then from 5. to the Thred, take the neareſt diſtance ; 
ſo ſhall that diſtance give the LineF G, and the Line 
- Y is diminiſhed in proportion as 7 isto 5,by the Line _ 

Prob, 


, " 
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Prob. "08 


Between two or more right hines giver, to find a Pro. 
portion, 
A Exemple. | ii it Y 743" 
LetKL and MbethreerightLines, and let it bere- 
quired to find what proportion either of them have 
to the Line A B, which 100 parts. | 


Take the Lins AB'| in your Comhlits: andſe 
one foot of that extent in 10(or 100)bring the” 


0 heticartft difkinkes nt 
Compalles ,' RN og 


till- the ON 


the Thred; fo RD — 

point of 7 (or 70) ſoisthe LineM in 

the Line AB, as100is to 70. Do the like withthe 
F 2 other 


bod 


Palk_rganen.” 
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Prob.'6. 

To increaſe or diminiſh # Line accordivey #0 any: propor- 
#jon given, - 

Example x 


LetF GbeaLinegiven, wnd lathe be required to 
increaſe the ſame 1n- fach proportionas 5 180 7. iq: 


Takethe Line F Gin the-Compaſles, and {etti 
one foot inthe” Term ; bringtbe Thred to the areſ 
4 3K. of [0:21 Tz 
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_ diſtance; thenfrom 7 (the other proportional Term) 
, take the neareſt diſtance to the Thred, andthat di- 
ftance{hall be the Line HI , and fo 5 the-LineF G 
infpaſed in proportion , as 5 18 to 7, by the Line 


Example 2. 
But if it were required to diminiſh the Line HI in 
+ ſuch proportion as7 tsto5. Then, 

Take the Line HI in the Compaſles, and ſetting 
one foot in 7,bring the Thred to the neareſt diſtance; 
then from 5- to the Thred, take the neareſt diſtance ; 
ſo ſhall that diſtance give the LineF G, and the Line 
[ - - is diminiſhed in proportion as 7 isto 5,by the Line 

| Prob. 


Ss 


Prob. Pe 
Between two or more right kines givey, to find a Pro- 
port; ON, 


: Bxemple. Wil, 4 
LetKL and MbethreerightLines,” Ws etit RO 
quired to find what proportion either of them have 
to the Line A B, whicis Too parts. 


Take the Line AB in your Compaiics, and 
one foot of that extent in 10 po r00)bring the 
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till-the other foot 

the Thred ; ſo ſhall the Conan 

point of 7 (or 70.) ſoisthe LineM in proportion to. - 

the Line AB, as 100is to 70. Do the like withthe 
F 2 other 


ef 


Compal 
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| 34 | panibigunion; 
other Lines; ſoſhall the Line L reſt in 50, wal the 


Line K in 30 3 and ſuch proportion ſhall the LinesK 
L and M havetothe Line AB, which 1s I00. 


V3 Ve. WE: 
"Prob. g.- | 


nn 
LetBand Cbe twoLines given; ES let it be requi- 
red to find: a third Line; whichihall be in nite! 
proapartign to:them., )ornmmg72 1rrls 20 0054.900 


—— C 


RE len DIE the Line of equal - 
parts, the letter Line B,-and ſetting one fopt 1,24, 
thegFermof rhe greater Line C; bring the Thred'to 
the neareſt diſtance; Then out of the Line of -e- 


qual. parts take the Line C, and. with -this diſtance 
Tye fonts of 6 00h ;along the Line, -tith + 


the ot the 
te ik t,: do-only. touch 


CS r reſt in 22 which 
YR propormerall = +=. or : We 


0 . 4 / " - | - . . Y Lad . - 
G2. _- m ' . "4 & & Y ' - \ 4 £ "y o \ 
X O > % 4 no * . - - . - | . 
" d 1 + ny * : 14s f | | | f } ' \ ; . T, : SJ 
, * i, fs 


Po *9.. 4 Fi 


Three bt Lines-bei Oo 4& h whi 
"Aftiirae a aortion iow,” which | 
ba TERR Ne welt oats” " 
Let the three given Ce 0 Pa, v#..0 32." ; 
arts, parts,an and let it be. | 
= to Goth fourth OT: ſhall bein ER 
on to then, * vr CA : 26 C5 ' '$ = 4 


Take, the farlt Line O 3 32, Land it 4 
Term of the ſecond) LineP, Thred to: 
neareſt diſtance i— 
of theLine | 
Gn ho. o-only © 
eh the Thxed: oY as movedble i romrd " INE 


34 
other Lines; ſoſhall the Line L reſt in 50, and the 
Line K in 30 and ſuch proportion ſhall the LinesK 
L arid M havetothe Line AB,” which 18 I00. 
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Two ay Lines being given, /t0 find 
ol ineafinmdt JP 
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-Exenepſe | 
LetBand Cbe: two Lines given, an oy 
red 19 find. a third Linez whichJhall adn 
Propurtign to:them., 3G )c Fri -R25 j 


Es.out < the Line of 1 FRY | 
parts, the leſſer Line B,-and ſetting one fopt-in.24, 
theyFermof rhe greater Line C3 bei bring the Thred'to 
the neareſt diſtance; -—Then out of the Line of c 
enl.oop nk the line &, and.-wich this diſtance 

- #2. et a Lo ;along the Line, ith 3 
| ut,: do-.only touch the 
A Ter reſt j 33; Which, 
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ſhall be tn 4 diſco 
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” Take, the fiſt Line'O' 32, oat he 
Termof the ſecond neP, brinj 
neareſt diſtance i— 

of theLine 


the Com ng the Line, "till he eater o only 
a te Tees þ ane moveable point re Lp 


3 


"Prob; 10. 


b do ae x -0 | 
4 Right Kine, which is divided into any garts, either 

equal or unequal, being grven, how to atvide a Line 
| of another length, into the ſame proportional parts. 


| Example 
Let ST bea Line given, which 1s Ay divi- 
deagp the points 3, 5, 8 and g, andlet 


X be ano- 


S 


I 
=> & L - i 'u 
» Wy 
therLine, of a different length, to be dined in ſuch 


ſort asthe Line$S T 18 divided. 


Take the Line ST in your Compaſſes, -and ſetting 
jouc foot in, the begmning of the Line of equal parts ; 
| - {ce how far upon that Line the ather foot. of the 
| [Conpaſſes extendeth, and note thit point ; ſuppoſe 
it to be 85 :then take the otherLine V X in your Com- 
| ;\palles, and ſetting onefoot of that extent in the pol 
©.  ſwheretheotherLineS T ended (viz. in 85) to that 
- point, bringingthe Thredta the neareſt diſtance,anc 
here keep it. —— TheatakeS 9 inthe Compaſles,anc 
t one foot in-the beginning of the Line, and from: 
hat point to which the other point of the Compaſles 
eacheth, take the neareſt diſtance to the Threlf s 


raat 
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AY 
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that ſhall give the point V _ — £0 Phi. 
o bn, he IE, GE oy phy pe 
parts, fromthe beginning oF and from that point | 


Het ch the Compalſs-point reacheth, take od near 
(tance ta the Thred, fo ſhall that extent gi 
GY ce VB [theother Line VX > andin "ee 


ſame MneV Y, fnd the Sap S5, and$ 3, 


upon the Linc | 
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Sbewing the. General Uſes. of: the Lines 
©" of SQUARES andOOBES, fongly, 
and alſo joyned with the Line, of E- 
OVAL PARTS; in Arithmetick, 
 andiuPlain and Solid Geometry. 
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T. In Arithmetick. 


Prob. 1. 
Ba7=" two Numbers given, to find a Mean 


opbrtional. | 
This Probleme isto be performed by the joynt uſe 
of the Lines of Equal Parts and Squares. 
| © Example. e 
. Letthetwo Numbers given bg 32 &«c. 72, and let 
it be required to find a Mean Proportional Number 


% 


- -betWeen them, 

Takethe lefler of the given Numbers (viz. 32) 
out of the Line of equa! parts, and fet one foot of 
that diſtance upon the ſame Number 32, inthe Line 


Panriozganon. 4t 
of . Squares, bringing the Thred to the neareſt di- 
ſtance; then from the Term'of the other given Num- 
ber 72, taketheneareſtdiſtance to the d,which ' 
diſtance meaſured upon the Line of equal parts, ſhaH 
reach fromthe beginning thereof, to 48, which is 
the Mean preparing number between 32 and 72. 
And from hence will follow. : mad] 2:7 v19b 


— 


—— 1 _ _ a 


Prob. 2. 


A Number being given, to find the $quare Root thereof. 


— 


- 


he ——— 


muſt cSnfider, if the given number conſiſt of an odd une 
number of Figures, as ofone, three, or five figures, 
the number muſt be taken out of the Line of Squares, 
betweenthe Center and the firſt Figute of One: —- 
But if the given Number conſiſt of an even Number 
of places, thenthe Numbermuſtbe taken out of the 
Line of Squares, between the firſt figure of One,and 


the end of the Line : Thus, 


Example Y | * 
Let it be required to find the ſquare Root of 64. | 


| In finding the fquare Root of a Number given,yout y 


| Here thenumber of theplaces are even,(viz.two)' dy 

wherefore , out of the Line of Squares, from the | 

Center, take the diſtance -to 64 (counted between 

the fitſt One, and the endof the Line:)This diſtance 

applied to the Line of equal parts, ſhall reach from 

the beginning thereof to8; ſo is 8 the ſquare Root 
24x" 
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$ Shewing a GRE Ues m be ines 
"of SOUARES and OUBES, fmeghy, 
and alſo joyned with the Line of E- 
OVAL PARTS; in Arithmetick, 
endinPlain and Solid Geometry. 
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L In Arithmetick, 


S _—_ - © 
FT-1 


Prob. 1. 


BT" two Numbers given, to find a Mean 
i pbrtional. 


This Probleme isto be performed by the joynt uſe 

of the Lines of Equal Parts and Squares. 
Example. : 

Let the two Numbers given bg 32 &«c. 72, and let 
it be required to find a Mean Proportional Number 
- "between them. -—— 

Takethe lefler of the given Numbers (viz. 32) 
out of the Line of equal parts, and ſet one foot of 
that diſtatice upon the ſame Number 32; inthe Line 


Jr om 


l o | "Ys."II0T M 
- : 
y = .  , 
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of . Squares, bringing the Thred to the neareſt di- 
ſtance 3 , then from the Term'of the other given Num- 
ber 72, taketheneareſtdiſtance to the d,which ' 


diſtance meaſured upon the Line of equal parts, ſhaH 
reach from'the beginning thereof, to 48, which is 


the Mean [once will number between 32 and 72; 
And from hence Cy 


"7 
, # # 
—_ I be To _ a —_ te. th. "IF * _ _ m_—_—_ 
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Prob: 2, 


A Number being given, to find the Square Root thereof. 


In findingthe fquaxe Root of a Number given,you #4 gt 
muſt dnfider, if the given number conſiſt of an, odd une m 
number of Figures, as of one, three, or five figures,” 
the number muſt be taken out of theLine of Squares, 
betweenthe Center and the firſt Figute of One: —- 

But if the given Number conſiſt of an eveti Number 
of places; thenthe Numbermuſt be taken out of the 
Lin of aa 2 res, between the firſt figure of Oncxnd 

the Line : 2268 


ler. hs - . 
'Let it be required - ' fad the jnere! Root of 64. | 


Here thenumber of theplaces are even;(vis. — yy che 
wherefore , out of the Line of Squares, from the 
Center, take the diſtance -to 64 (counted. between 
the firſt One, and the endof the Line:)This diſtance 
applicd to the Line of equal parts, ſhall reach from | 
the Segunning thereof oy rp -* 158 the ſquare Root 
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Uſes of the J:ines 

-"” of SQUARES andOUBES, 'fongly, 
and alſo joyned with the Line. of E- 
OVAL PARTS; in Arithmetick, 
andiu Plain and Solid Geometry. 


Shewing the General Ce 


2 F- 4 | & | T 
I. In Arithmetick, TT 
| P r ob. I, D - 
Ba3=" two Numbers given, to find 
; pbrtional. 


> » This Probleme isto be performed by the joyd. ....... 
-£> of the Linesof Equal Parts and Squares. 


Example. ; 
. Letthetwo Numbers given bg 32 &«c. 72, and let 
it be required to find a Mean Proportional Number 
«between them. IT | 
Takethe lefler of the given Numbers (viz. 32) 
out of the Line of equa! parts, and fet one foot of 


' that diſtance upon the ſame Number 32, ittthe Line 


ar 


Pariozganon. be "I 
of . Squares, bringing the Thred to the neareſt di- 
ſtance 3 ; then from the Term of the other given Num- 
ber 72, taketheneareſtdiſtance to the d,which 
diſtance meaſured upon the Line of equal parts, ſhaH 
reach from'the beginning thereof, to 48, which is 
the Mean ene wil number between 32and 72; 
And from hence COP 


| Prob. 2, 


pen, 10 find the S$quare Root thereof. 


| re. Root of a Number given,you tr 


e given number conſiſt of an, odd Fur 
as of one, three, or five figures, 
taken out of theLine of Squares, 
and the firſt Figure of One: —- 
ber confiſt of an even Number 
Number muſtbe taken out of the 
een the firſt ogure © of Oneand 


Fu I mm—_— -” Line : he 4cf 


Example T. * 7 
Let it be required to find the jones. Root f 64+ | 


Here thenumber of the places are even.(vis. WI 
wherefore , out of the Line of Squares, from the 

Center, take the diſtance to 64 (counted between : 

the fitſt One, and the endof theLine:)This diſtance + 
applied to the Line -of equal parts, ſhall reach from 
: the beginning thereof os: -4 53 the ſ{quare Root 


ot 
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42 Panozwanon. 
of 64.— And in the ſame manner, 9 will be found 
tobe the ſquare Root of 8x, &c. ] 


Example 2. | | 
Let it be required to find the ſquard Root of Byr. 


Here the Numberof the Placesareodd (vizthtee) 
* Wherefore out of the Line of Squares, take from the 

beginning thereof, to 841, (coufited between the 
Center and the firſt one) this diſtance meaſured on 
the Line of equal parts, ſhall reach from the begin- 
ning thereof to 29, which is the ſquare Root of 841. 
And in this manner the ſquare Root of 725 will be 
27 near, &c, Whos Hos | 

Thus on the contrary, if a Root be given, the 
Square thereof may be found. z if out of the Line of ' 
equal parts, you take the Root given, and apply it 
to the Line of Squares, it- ſhall there give you the 
Square thereof; So 6 being a Root given, if out of 
the Line of equal partsyou take 6, that diſtance up- 
on the Line of Squares ſhall reach to 36, which is the 
Square of 6, LOVE 5 


Three Numbers being given, to find 4 fourth is a tri- 
7 plicated proportion. 


This Probjeme is to be performed by the joint ufe 
of the line of equal parts and Cubes. 


Ex am 


” us 


= 
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Example. . 
Let the given Numbers beas 55 to 88, fo 125 to 
what Number ina triplicated proportion ? | 
Here the two firſt Terms being of ane kind, the 
two latter muſt be- of another kind; wherefore to 
bring the middie Term to be of the fame kind with 


that which is enquired, change the Term of the | 
dre —any urea; 5 pre» 


2 | 
As 55to 125 :: {088 to what ? 


The Terms being thus diſpoſed, compare the firſt . 
and ſecond Terms 1n the Proportion together, and 
ou ſhall find that 55 meaſured upon the equal parts,is 
ongerthan 125 meafared upon the Cubes 3 where- 
fore the proportion muſt be wrought upon the Line 
of equal parts.——Therefore take 125 outof the 
Line of Cubes, = oy that roomy? one foot 
u 5 m the Line of equal , bringing the 
to the eaten; Than fom Jin 
the equal parts:take the neareſt diſtance to'the Thredz 
this diſtance meaſured upon the Line of Cubes, ſhall 
reachto 512, which is the fourth Term required; ſo 
that, | 55 
As 55s to 88;: So is 125 to5121n a triplicated. 
PF Or, whichis the ſame in effe&t; 
Sos 5 (the Cubick 


o 8'(the Cubick {p PYP9THOR- 
Root of 5x2) 


G 2 Prob. 


As 551$to88:: 


n I. * 
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Prob. 4. 


Having two (Lines or) Numbers given, to find two 
mean Proportional ſ, 


This Probleme is to be performed by the, joint uſe 
ofthe Lines of equal Parts and Cubes. 


Example. 44T 27 
'D the two extream Numbers given be 512 and 

216, WE 
Out of theLine of equal parts take ('216) ane, of 
theextream Numbers given, and [et it upon. the ſame 
Number counted upon. the Line of Cubes, bringing 
the Thred-to the neareſt diſtance; then from the 0- 
ther extream Number (512) counted alſo; upon. the 
Line of Cubes.) take the :neareſt diſtance to 
Thred ; this diſtance meaſured upon theLine of .e- 
qual parts, (hall give 283 3 which 1s one of themean 
proportionals ; and if you take 512 out of the equal 
parts, and put that in 512 in the Line of Cubes,bring- 
ing the Thred to the neareſt diſtance, and from 216, 
take theneareſt diſtance tothe Thred ;, that diſtance 
{hall reachupon the equal parts, t0.334, which ſhall 
be the other mean proportional. —- And from hence 
will follow ; 


= 


Prob. 


Any Number being- given, , #0 find the Cubick, Root | 


In the extraction of the Cxbick Root, it is uſual to 
ſet. Pricks under the firſt, fourth; ſeventh and tenth 
Figures from the right hand'z and” fo many 'pricks as 
are over thenumber, of ſo many places ſhall the Rope 
coafiſt : So that if the number given be leſs than'tooc, 
the Root ſhall con(iſt but or igure ; if leſs than 
1000000, of twoFigures 3 1t lels than TO0g900000, 
of three Figures, Ee. \ [2, 10 1607 | 


% 


. Hence it 1s, that the Line of Cubes 1s firſt divided 


into Io000 parts. And if the Number given be great- 
ex than 1000, the firſt One mult (1 le x600,; the 
ſecond One 10000, the third 100000, and "the 
wholeLine1c00000,&lo forward,if itwere neceſlary. 
Now for the finding of the Cubick; Root of any 
Number out of the Lineof Cubes, take the diſtance 
from the Centerof theIn{trament to- the numer gi- 
ven; that diftance applied to the Line of equal parts, 
ſhallthere giveyou the Cxbe Root required, 


Example 1. 
Let 512 be'a-number given, and let the Cubick Root 
be required. , dy | : 
The number given , being lefs than 1000 , the 
Root thereof can conſiſt but-of 'one* Figure, -and ſo 
the wholeLineof Cubesis to be accoimted but xo00 


parts: 


. / 


46 
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arts: Wherefore, from the Center or beginning 
" the Line of Cubes, take the diſtance to 512 ; 
which diſtance, applied. to the Line of equal parts. 
ſhall reach to 8; which is theCubick Root of 512. 


rod 


Example 2. | 


Let 411875 be a Number mboſe Cubick Root is requi- 


Here the Number being under 1000000, the Root 
thereof will conſiſt but ob two Figures, and the whole 
Line muſt be now eſtimated to be too0000 3 where- 
fore from the beginning of the Line of Cubes, take 
the diſtance to 411875, which, applied to theLine 


of equal parts, will there fall upon 75, which is the 
Cubick Root of 411875. 


| Example 3. 


Let 729000000 be given, and the Cube Root re- 
quired. 


Here the Namber being.leſs than x 000000000, the 


Root will confiſt but of three- Figures 5 wherefore, 
Thais Number being taken from the Line of Cubes, 


and applied to the Line vf * 2g parts, will give 
- An 


900 for the Cube Root thereo 


daccordingly, 


The Cube ,, 125, -, 2 willbe5 
Rootaf? 6839 c 
(BJ)-» 


12649337Y to be C233, Ec. 


And by the converſe of this Probleme, and 


theſe three laſt Examples, if a Roott Cubick be gi- 


ven, 


= | 


_ —— ? 
mY 


| | 47 
_ the Number (or Cube thereof ) may be found 3 
If you take the Root out of the Line of 


a andapply that diſtance to the Line of Fo op 


—_— neu or beginning, it ſhall there thew the 


So 7 being a Root. piver: 'ch P 
he Gand ws. 6 243. grven; the Cube thereof will 
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\ IL T ' Plan Geometry. 
Prob. 6. 


Between two Right Lines given, to find 4 mean pro- 
portional Line, 


Y a mean neoronel Line, is meant , ſuch a 
Line, whole power ſhall be. equal to the power 

of the two extream, or given Lines. , 
So if the two given Lines were A 32, and B 72, 


the mean proportional Line between them would be 
found tobe the Line C, whichis 48. For, 


EEE Bl 


A 


B —— 


FS 


bias © 


Com oor _———— 7; ; 
Arithmetically, thus-: 


The two Lines given A 32, andB 72, beingmul- 
tiplied in each other, produce 2304, the Square Root 
whereof is 48, which 13 the Line C, and iscqual in 
power tothe two Lines A and B; for multiplying 48 
by 48, it ſhallalſo produce 2304. 


72 
C 


2304 


By the Irſtrument, this; 
yo + or down one a ty Rants as A 32, outof 
the Line _ as 2 IC : of that 


extent 11/32 hpon the xs. bring the 
Thred to'the neareſt di entrom 72 (the 
number of the other Lie) he the neareſt diſtance 
to the Thred ; this diſtance meaſured upsh the Line 


of equal parts, ſhall Sn 48, for the mean o=4;4 
nal trequred. 
>»? Again, 


'P the two ghee had been 40, and go, the 
mean proportionalcbetween them mos be-60 :" And 
{0 of any other -Numbers.: - And upon this Probleme 
of finding a mean proportional,. many Corollaries of 
good ute do ariſe 3 ſomewwhereof tollow. 


"Prob. 7. 
To reduce a Long Square into a Geometrical &quare, 


AE A 


That 1s to make a Geometrical Squate A EF G, 
which ſhall be of equal -Content or Area with the 
Parallelogram, or Long Square, ABCD. 

Here the twoSides of theLong Square are B C64, 
and CD 16 ; berween which two Lanes (by. the laſt 
Problentc) you fhalll find a mean proportionable tobe 
32, ſo that a Geometrical Square, whoſe lide is 32, 
ſhall be equal m 4rea to a Long Sqnare, whoſe fides 
are 64 and 16. 


"" 


"Probe 8." 


' 


To reduce 4 wn or Rhomboiades, a Gea- 


methical _ 


PIES OE ha ACP IRAN Te 
Let A BCD be and a Rhomboi cach 
of them to be reduged into Geometrical 8quares 5, "as 
tu 


-—- 


the ſide of the Rhombus be 60, and theSidfy of 
Rhombazjades be 98 and 7" From one of the ob 
Angles the oppoſit let fall Perpendician, a 
in the na and "} 
The perpendicular in! the Rhombns is 194 anditsfideis 
603 ſoamean proportional between 52 and 60, ſhall 
be 55 and three quartersz which being made the fide 


of a Square cat Square full be equal the Ahoy 


; 4-3 , . 
X " 
' F FrY FF ©. 4 
” * © #4 dy * S 


And in the Rbombothdes (the Perpendicalar is/92, 
and the longer fide 98: A mean proportional be- 
tween 93 and 32, will be found to'be 56, which is 


'theſtde of pure equart cm —— 


Prob. g. 


To reduce a Triangle into a Geometrigal 


Let A B Cbea Triangles tor be reduced into a Gee- 


metrical Square, The (ide whereof AC is 72, and 
the Perpendicular BD 757” jonal bes, 


eween half the Baſe 72 (thatis 3 cud and 25, the Per- 
pendicular ſhall be.3o, the fide of a _ equal to 


| the” Triangle. 6 


A 4 
\ . « - 
4. 
.” 
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, E © q * 
b * 
. .* > 
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And thus may att other irregular Polig A WTI: 
ecdinto a Square, if firſt you; reduce - ctab Uiaeyr 
les, and thoſe Triangles: into Squares, .and add 
them all rogethier, by the following Problemeg;1., 


_ 


—— 


Prob, to. = 


To increaſe or diminiſh, a Saperhicies , in 4 given = 
; L4G 422.1 , Portion 


Let AbetheSideof aSquare (orthe Diameter of a 
Cucle) to be augmented in yrs as _ 15t9 g 52 
Or mlcſler terms, Ds to 5. 


ff iu 
Wen 6 


:Tike ies; ad ft :006 fot of the Com- 

af in thepoints of the Squares, and bring the 
wed to the neazet ii{tarice: ther 1Þ neareſt das 

| ſtance 


. - 


” 


| 


54 Panmgangue" 
ſtance between.z and the-Ffifed, ſhall be the Line B, 
which ſhall be the ſideof aSquare (or the Diameter 


- of a Circle) which will bein proportion to A, as 5 is 
t02, OraSI515to 6. | 


Ox the contrary, 
If B.were the ſide of a ' Square (or the Diameter 
of a Circle) to bediminiſhed in proportion as 15 is 
to6, (or5to2). Take the Line B, and ſet one 


foqt in 5, of the Faro brigging the Thred .tothe 
neardſtthſtance; the'neareſt diſtance taken between 


2 and the Thred, ſhall be'the Lihe' A, and ſhall be 
the ſide of a Square (or. Diameter of a Circle) dj. 
miniſhed'in proportion as 21s to'5 (of 6 to 15. 


—_—  — ——————— 
— 


Probotk 


h— 


To add two Squares, Circles, or ovher like ics © 
together, and to give the Sum of them in a third Su- 
perticies. _ | | 


. "You maſt firſt find the proportion: between the 
like ſides of the Swperficies which are to be added; 
which may be done by Probl, 7. of SeZ.1II. beforego- 
mg; thenadd the Numbers of thoſe Proportions to- 
+ gether, andaugment them by this laſt Probleme. _ 
Let A-andBbe-the-Sides of twor Squares (or the 
Diametersof two Circles) and let it be required to 
make athird Square, whichfhall he equalunto them. 
Firſt, The Proportion, betweenthe Squarcsof A aac. 
B, will be. found 19, be-as5/10 7/5: which two being 
| a 
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= Mi , 
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_added om, make 7: © Wherefore a F.. l 
given fide A, in proportion as 5 to7, and it produ- 
ceth the fide C; *WeLine a Square being 
AandB. ſhall be "qual h the Rpins _—_—_ 
a wg YE : 
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Prob, 12. | 
3 1110Q O31 


To ſubſtra& two Squares, Circles, or other like Super- 
ficies one from another, and to give the Remainer in 


a third Syperficies. 


x . tw _ 
* £ 
a 3 \ 
= 
- E 
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| Letit be required to ſubſtratt the Square of B out 
of the Square of A; and make aSquare equal to the 
Remainer. TE. wr 

Here the Proportion is as5.to.2.3 becauſe 2 taken 
out of 5, there remains 3, you muſtdiminiſh the fide 
A, inproportion as 5-to 3, which ſhall produce-the 
ſide D, upon which a Square being made, it will be 
equal wp Remaingr F he Square B, whenit is 
5 from the Square, and the two Squares made 
upon D and B ſhall be equal tothe Square made up- 


ON A. | "VE," 
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III. Is Solid Geometry. 
OT -Probe13. «6 


Between tw0 like Solids, «5 Cubes, Spheres, &c.' to 
; O "$84 ' find a Proportion. LF HOUSE JU, 


Take one of the. Sides of the greater Solid, and 
ſet itin 1000at the end of the Line of Cubes, bring- 
ing the Thred'to the neareſt diſtance; then takethe 
like ſide 'of the” other Solid; moying"it along the 
Line till the foot of the Com being moved a- 
bout, doonly touch the Fhred 4- lhail-ehedove. 
able port reſt at the proportion which: the leſſer $o-. 
lid hath to the greater:- -—- - - 


1%. j 


LEVY LooD 


- " #® 4 . 
| — 4 0'0 
| 


. Let wy" wang two RG 
the Diameters of twoi Spheres. / ti 4glt od Uni 

'Pake-Mrhey | worry oY it 101000, brifighg 
the Thred to the neareſt diſtance 3 then take N the 
leſſer, and enter it between the Line and the Thred, 
and you ſhall find it to reſtin 4003 and as 1000 15 tO 
400, ſois the greater Solid to the lefler. 


I Prob. - 


: ” 
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» ou 


Prob. 14. 


A Solid being given, to augment or diminiſh the ſame 
in a given proportion. 


Let Q be the fide. of a Solid given as Cube, Fc, to 
be augmented in proportion, as 2 to 3. _- 

Takethe Line Q.,, and ſet it inthe point 2, of the 
Line of Cubes ,- bruiging .the- Thred to: the neareſt 
diſtance 3 then the neareſt diſtance from 3 to. the 
Thred, ſhall give the Line R,; upon which, the like 
Solid being made, / it ſhall ben prop a$.3t02. 


# 4 


On the contrary, 

It R were theDiameter of a Sphere, to be dimi- 
niſhed in proportionas3 to2 5 

Take theLine R, andſet it in the point 3, of the 
Cubes, bringing the Thred to the neareſt diſtance3 
the diſtance between the point 2 and- the Thred , 
ſhall be the Line Q.; .upon-which Acis:2! Sphear be- * 
ig deſcribed, it ſhallbe diminiſhed in proportion, as 


21s lefs thanthree. 


1 Prob. 
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| P rob. F | 5 b 
To add two like Solids together. 
You muſt firſt find what proportion is betweenthe 


correſpondent ſides of the like Solids, by the 12th- 
Probleme betoregoing. | | 


| 7 
2” 


U 


. 
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65 Panto2xeinon: 
 Thusif A andBwere theſidesof two Cubes, and 
it were required to make athird Cube, which ſhould 
be equal to them both© By the x 2th. Probl. the pro- 
portion of the ſides will be found to be as5 to2; 
and 5 and 2 added,, make 7 3; wherefore (by the laſt 
* Probl.) augment the (1de _ PRI ” 5 Ou? 
which will produce, the Ling {-, ppon| which a 

being .madg , .1t- {ball be df gon twa Cubes 


made upon' A and B. 


. 
. . 
. 


o F 
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Prob. 16. 


To ſubſtrat# oxe like Solid from another. 


If AandB were the Axes of two Sphears, and it 
were required to ſudſtract the Sphear of B, out of 
the Sphear of A, and to make a Sphear equal to the 
Remainerz the proportion is here as 5.to 2, and 2 
taken out of 5, there reſts 33 Wherefore diminiſh 
the Axis A, in proportion as 5 to- 2, which will pro- 
duce the {1de D, upon 'which Axis, if a Sphear be 
deſcribed, 1t will bea Sphear equal-to the Remainer 
of the Sphear B, being taken out of the Sphear A, 
and the two Sphears deſcribed upon the Axes Band D, 
ſhall be equal tothe Sphear deſcribed upon the Axjs A. 


Prob. 
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Prob. 17 


There isa Bulet, whoſe Diameter is 4 Inches, and 
it weighs 9 pound, what will another But of the 
ſame Metal weigh, whole Diameter is 8 Inches ? | 


As 4inchesto 9/. ::So 8 in, to what? 


This is to be wrought by equaLparts and Cubes ; 
and ſeeing the ſecond Termis greater than the firſt, it 
muſt be performed by the ſecond * General Rule ; 


wherefore, take 4.1nc es qut Of t Jr io and 
, {cr one foot ing; un theLine' of Che es, bringinÞ the 
Fm tot VS rae: then'take 8 irichesout 
of the equal parts, and enter that diſtance between 
the Cubes and the Thred, and the Compals-point - 
ſhall reſt upon 72 in the Cubes, and ſomany pound 
ſhall a Bullet weigh whoſe Diameteris8 inches. 
#1 


» |. \ A 


Prob. 18. 


If a Cube of Braſs, whoſe ſide is 4 Inches, do weigh 
g pound, how many Inches ſhall the ſide of that Cube 
be which weigheth 72 pound * | 


As9 l.is t04 iv.: : Sois 72 to what? 


The ſecond Term isleG thanthe firſt; therefore by 


the firſt general Rule 3 take 4 out of the Line of 1 
| qu 


» —— : : l " " 
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qual parts, and ſetit in 9 in the Cubes, bringing the 
Thred ro the neareſt diftance; then from 72 in the 
Cubes, take the neareſt diſtanee to the Thred, this 
meaſured upon the equal parts, ſhall give 3 Inches, 
for the ſide of the Cube which weigheta 72-pound, 


—SG. 
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= ety Le 
The Uſes of the Line of CHOR DS. 


He principal ſes of the Line of Chords are for 
the uration of Arks.and Angles, and ſome 
few other Ws 1496 which ſhalt Beexemiplitied ? in "2 


following Problemes, 


The Radius or Semidiameter of < Circle Haidg giver, 
to ſet off any Buentity of of Pegaces wpon that Circle. 


' 6s ket. 


Let O Abe the Radiws of the given Circle ACDB, _.. 


and let it be.required to ſer oft the quantity of an 
Arch of 72 deg. from BtoD. 

Take in your  Compaſles the given Radizs O A, 
and with that extentof. theCompaſles, ſet one foot in 
_ 66 deg. of theLin&of - Qhordsg1bringing the; Dlyed 
to the neareſtdiſtance z then the neareſt; diltance ta» 
kenfrom 7 24eg. tothe Theed;i fiallreach from'B to 
Dy 6 doth the Arch B D» contain 72 deg, and the 
right LmeBD is the Chordiof 72 O-Abeing he 
Radinsor Semidiameter,—+-— And/thus nay) you. (et 
the quantity of any Arch, not excceding go deg. 


- . _ 


org it Ra vired to ſet off an Arch exceedi 
mays inoff at twice, by dividu the dar 


OO into any two "IS and taking _g « 
everally. | 


= 


—— 
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14001970 331 Sear: WOO 

'Ler it-be' ww 8 ltan Ach 109 dep 
from A towards "201 2913 : $28bftts 5): £24 Pl 

' Having taken the Rudinsiof theCirde A O in:your 
Compaſſes, and ſet one-foot an''60'deg. and brought 
the Thred to themeareſtdiſtance;z you may thenfrom 
the half” of 108" (wit.-34-deg?) take the neareſt di. 
90 00011292229 200 ANA yrs 1021115» 1 Mhance 


Wo 


(tance. tO the The dz 
from Ato C, and 
AtoD, (ball be the Gr 


108 deg. 


When you, had taken FA Redia of the Gi le | 
your Compailcs, ayd LE it. 11 60 deg, and: ry 


the Thred to the neareſt diſtance, y ha 
that Gat, odk Ato E then Gon r:-4 


wants 48 d ho Pe IE y Son 


- = to the ] 
kt eh Uk ot 42; mo on and in Ew Wong 
or the Chord thereof, 


Prob. 2. 


—_ ct —— — 
_ 


The Dwantity of any Arch of 4a Circle being groen, to 
fark Redo or Semidiameter of that Circle, : 


Example 1. 

Let D BbeanArch of-a Circle containing 72 deg. 
_ letit be required to find the Radins £ that Cir- 
cle 

Take the extent of the Arch BD in your Com- 
ver, and (er one foot u 72 deg. in the Chord, 

ringing+ the Thred to'the neareſt, diſtance ; then 
from 60 deg. take the nearclt diſtanceto the-Thred, 
_ that ſhall be equal to the - Wi of the Circle 
A. 
Example 2. 

Let ADbe an Archof a Circle given, containing 

T 108 


* 
. 


W--- panoyien. 


= dep.” and letit be's ized to find the R adinifer 
4 ep: angle 'the cir 02 2 IR 

Het (becauſe the" Arch Lach Jo deg; ) you 
may divide it into two equal parts in C, ſo \hallthe 
one half thereof (either C A or C D,) contaih half 
ro8 deg, viz. 54. deg. wherefore, the diſtance 
ACor D- ſet one toot of the Gomes i154 deg, 
of the Line of Chords, and bring the Thred to the 
neareſt diſtance 3 ' then the neareſt diſtance taken 
from 60 deg. tothe Thred, ſhall givethe lengthof © 
A, the Servidjameter of the kava, as before, - beet 


Panigauon. — <7 


To Perfu”m the latter part of the two former Problemes 
by the Line of Sines, 


When any Arch exceeding 90 deg; is required to 
be ſet off, itis beſt to uſe the Lime of Sizes inſtead of 
the Line of Chords ; asin theſecorid example/of the 
firſt Prob/. where it was required to ſet off an Archof 


108 deg. from AtoD. 
By the Line of Sines, thus :- 


Take A O the Radivs of the given Circle, and 
ſet one foot in 3odeg. thereof (whichis half bo deg. 
and bring the thred to the neareſt diſtance; then the 


neareſt diſtance taken From 54 4 deg,'the TOE I y: 
ord, and A 


to the Thred/ ſhall pive AD for the 
ED forthe Arch 0 | Fro8 deg, 


On the contrary. 


When an Arch exceeding go deg. is given, and the 
Radins of the Circle required, as 1a the latter part of 
the ſecond Probl. 

Take half the Archin your Compaſles, and ſetit in 
half its number in the Line of Smes (whichis cafily 
done by counting 5 deg. of. the Sines tobe 10, and 
t9 tobe 29, 30! ki 60, &c:) and bring the Thred 
to the neareſt diſtance, the tieareſt diſtance taken be- 
tween 3od. and LE, be OA the Semidia- 


meter of the Circle. . 
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Pano:gation. | 


Prob, -# 


Hh! To find the quantity, or what. nuntbecr of degren 
41), Angle containeth. 


Let OST be an Angle , whoſe quanti:yTdore- 
quire in Degrees.and Minares. 

Open your Compaſſes to any diſtance (not cxceed- 
ing the length of the-ſhorteſt Line, and ſetting-pne 
foot in the angular point S, withthe other deſcribe 
the Arch V P; and Es Compalles ſoreſting, (ct one 
foot of that extent in 60, of the Line of {0k apa: 
bog the Thredto theneareſt diſtance, & keeping t 

hred there, take the et” Ek of the Arch contained 
between P and V, with which diſtance move one 


e340 | 
le whoſe quantity is n= 
appear —_ 90 age you may-<then uſe the Sines 
inſtead of the Chords, as before-diretted. 


Probl. 


Prob: « 


A Circle being given, how to divide the Circynference 
thereof into any number of "01'3 Parts, 


Let ADBF bea Circle given, 3 let ithe requi- 
red to divide the Circumference thereof into 5 equal 


parts. 


CNET” +," 
bf 


<< *# £ 
ar 


7 © p 'Pano2ganon. | 
ty Into whatſoever number of parts you intend toi. 
vide your Circumference, divide 360 by that num- 
ber. ſo ſhall the £xotient ſhew the number of degrees, 
and parts of a degree, which being taken from your 
Chord, will divide the cixcumference of your Circle 
into the parts required. Ti 

Thus the Circle AD BF being tobe divided into 
5 equal parts, ,360 being divided by 5, will give in 
the ©notient 73; fo that 72 dep. taken from the 
Chord, willreach from" A to H, and being turned 5 


times about, will juſtly divide the circumference in+ 
to 5 equal parts. 


And in this manner, 


| will divide the 
| circumference 


ofa Circle into 


*'f 
| 
| 
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20 A URTUMOWIOLY 
TRIGONOMETRIA 
Plain and Spherical. 
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 Shewing rheTſe bf the Lines of Dines, 
and 1 angents, - as theyare joynedwith 
rhe Line of Equal Farts, 2 tha "ſoln- 
1101 of Right-Lined Friangle TTY Sores. 
yu | $7 +71 0 ITEST Pay 4 0 


intend not in this SeQion an abſolute Treatiſe'of 

TRIGONOMETRIA, or the-DoFrine of the Di- 
menſion of Triangles ; fappoſing the Reader to be 
therewith already (in ſome meaſure) acquainted ; 
but to ſhew how eaſily the ſeveral ws thereof may 
be performed by this Inſtrument: But for the ſup- 
ply of fuch as want them, 1 here lay down thele 
following Definitions and Theorerts, 3s abſolutely ne- 
cellary to b&Known, and as aſliſtant there- 
unto. / \ WP. af , 


, 


\ , 


| _ - 
72 PAnNganon. 
TRIGONOMETRICAL Theorems. 


t. ATriazgleis a Figure conliſting of (ix parts, of 
2 ſides, and asmany Angles z of which ſome be cal- + 
led Plain Triangles, and ſome Spherical. 

 2.APlainTriangle isthat which is deſcribed upona 
plain Surface, whoſe three (1des © of Lines, and 
1s either Right or Oblique Angled 3 and, 

3. A Spherical Triangle is that which is deſcribed 
upon a Spherical Superficies, whoſe three (ides are 
Arches of three great Circles, deſcribed upon the 
three angular points, as their Poles, and ſubtending 
their Angles; and oftheſe ſome are ReFarg/ed, others 
Oblique-angled. - | 

4- An Angle (whether Plain or 'Spherical) is ci- 
ther Right, Obtaſe or. Acute, - 0 EOM 27 


5. Every Angle is noted with three Letters, of 
which the middlemoſt Letter ſheweth the Angular 


- point, asin this Figure ;, if weſay the Angle L OK, 


Panozganon. —_— 


then O repreſents the an int, and the two 
LinesK O and LOare Fa pen Sides Fontaining 
the lame Angle LOK.., .. 

6. A Right Lined Rieht Angle 1 IS made, whenas one 
Right Line, asLO, ſtandeth upon another Right 
Line KN, makes the Angles on either fide thereof, - 
viz. the Angles KOL and LON equal; then both 
OH ate Right Angles, and the Line LO is 
a Perpendicular tothe Line K N. 

7. An acute Angle 1s els than a right Angle , as 
the Angle MON is, an acute Angle , it being eG 
than the right, Angle L O N. 

3. An 0: tuſe nk 1s greater than aright Angle, 
as the Torf leKOM, whichis greater than the right 
Angle 

4 The quantity., of an Angle is. the Arch of a 
Circle , The upon. the: angular .;point, and in 
right lined never exceedeth. a, Semicircle, 
or 180 deg WICH Ne. 4 S, being deſeri- 
bed upon 5. SURG and ra the quantity. 
of thoſe three __—_— _ within thr Semi- 
circle As. / 

PQ. ls is the quan: Righe cKOL. 
QK tity. of, w_ L OM, 
: the Port K OM. 


| Io. A Degreeis the by TOS any Curcle; fo 
that 180 deg. 13/2 Semcircle, go deg. a Ryadren, or 
nth peſet -of a Circle. Y | 


90 
So RE Lo M 7 ny; hon 
5 7 LOOM | 120) 
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" 11; The Copyplement of ## Angle, Tels than yg aj 

is {oO much Foo Angle wants of yo de 
ode L O M is the complementvf the Ang E MONt 
go deg.. forE O M being 30 deg. RET 60 deg. of 
905 andM ON being 6 deg. is thefefore the com 
plemem of L OM;. and fehey ate (eitherof che 
Joanie one of ahocier to. 4 Quiadrant, or go 

C 

A The Complement of an obtuſe Hogle to a Semi. 

circle or 180 deg. ijsſo muchas the ſaid Angle wants 
of 180 deg. So the obrufe Angle K OM containing 


120 deg. its complement 15 60 Atg,. for 120 deg. want 
© bodeeg. of 180. * 


13, In all right Lined Trangles wiatvree the 
three Angles thereof together, .are equal totwo 
right Angles, and_do alwayes contain 180 TE 


.14-. ha tight angted plain te" 
one of the acyte Angles roy dS ag other 


alſo givet\z they be one of anotiter 


fo 90 deg. as mm the x Tos angled Triangte following 
A BC, Tight angled-ar A3 nowif either of the At- 
ples at Bar C be given, the ather is alſq knownz, for 
Angle'Þ being 36 if bt vo that takew from 90 
deg. Jeaves53 d. 8m the Arg leatC, Gr, 4f the 
Angle C had been-giverr, to. Angle at Bhad been 
*knowp, by ſubſtracting 530. 2 m. from 99 d. for / 
fork therewould haveremained 364d. 52m: 
| *"In"an oblique angte& Trrangle, i on! hae 
any hes of the | Angles given; "rhe wha 4s" 
known, it being the complementaf the ſum of the 


_ other two, ta 180 $0 Q hus in 5 
 Iriaigte BC'D,"if he/Aglts RES 
"090 the eat at D 1s every q 


'26deg.'52 min, andthe Angle atC +12 deg. 46m. 

theſe added together, make 1459} deg./238 min, 'which 

being taken from 180 deg, leaves 39 d.22 m;for the 

third Angle at D. 6 SF 
16. In all Triangles whatſoever , the fides are 7: rape 

proportion one to the other, as arethe Sings cftho@Tol $nns: 

Angles which arc oppoſite to thoſe Sides: Thus iro n= 

the Triangle BC D, the Sine of the Angle at B, is 

;n proportionto the fide CD, as the Sine of the An- © 

gle at D is in proportion tothe fide C B, and-infuch | 

proportion 15 the Sine of the Angle C, to. the hde 

DB. 
17. In every right angled plain Triangle,-that 

fide which is oppoſite to the right Angle , I calltheg@-—— 

Hypotenſe 3 and the longeſt of the gather two, the 

Baſe; and theſhorter of them the' Perpexdicy[ar; $0 

in the Triangle AB C,the {ide CB is the Hypptennſe, 

B Athe Baſe, and CAthePerperdicular. iff -— 
12. The two. ſides of a, Triangle which meet in eo-ha/n-5y Joe 

the angular point, are called _the containing |{ides of = 

that Angle 3 and the other (ide js called the {ide ſub- (15% war 

tending, or oppoliteſide: Soin theoblique Triaugle  &V. 2 

B CD, the fidesD. Cand C Bare calledthe lideg cont mga 

_ taining the Angle at C, and the fide D B is theſab- <A 
tending fide. | 7.9 < | 
- 19. For the abbreviation of the Proportion, ty3*? 

which every Cel in the following Difcourle 18to be 

wrought, [ ſhall here explajn 3 nſwg: theſe Abbreviag 

tions or Symboles :: it lon aig va < 


T. for Tengent.Cy TC. for Tangent Complement. *PAgunae. 


: foTo. * © © : © for Sozs; of proportion 


L 2 


heyr for $72e, $ 3 8 C. for Sine Complentent. Abbreviation 


oe « 
L- 


26 Panothanon. | 


L. for —_ or Side. 
3 for Angle. 


- And in this manner may an Analogy OT Propont 
on be expreſſed with much vrevaty's ; thus, 


%. 


Wands yi} S5ue of «Age HAS $' <A: L,BC:: 8,< B:L.CA. 

| C fo, Fongy Lowes Which 1s thus to beread, 

As the Sine of the Angle at A is m proportions 
the SideB C, So is the Sine of the Angle at Þ 


' to the Side C A. 


And now that [may the more methodically pro- 
ceed m ſhewing the Uſes of the ſeveral Lines u 
the Inſtrument in the Dorine of Triangles, I fo 
diſpoſe the ſeveral Caſes, both of Right and Oblique 
nigh plain Triangles, by beginning with cw 
as arerc{oJyeable 


1. By Sines G 


| : | b L 
- BY _ ale 


| And 1 in S b jeal Tria les. with C od as Ir 
polio x $7 yr vh 


hp : LY By Shreoalne 


E3 \ 


5: and' Tangents joyuty. 


” Simes.. 


77 


And to every Caſe I ſhall 


Symbolically lay doww the Canon, Analogy or 
Propartion by - which that Caſe may be wrought 
by the Canons or Tables of Sizes, &c. 

2, Th manner of working ituponthe Taſtrument. 
An 8 | | RFSRIATC "4 =. OY. 

3, At the cloſe of the tgſolution-of each Caſe, 'T* 
ſhall apply the ſame Caſe tothe workingwot ſome 
Geometrical, Aſtronomical, Geographical, -Horo- 
logical ox Namtical Problem or n5 
whereby the.excellency of the application of  _ 
the Do@rine of Triangles, in the whole courſe. © 
of the Mathematical Sciences, may mn. ſome mea-+ --...| 


' fure-appear. | 


Md Pome on — th. 


—— 


— —. 
l— 
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Of Right angled plain Triangles. 


He Right angled plain Triangle, which I ſhall 
| 'T make uſe of mn the ſeveral Cafes, let be this fol- 
lowing AB C, in which; ,, | 

id * 


- 
& 


& 


1 He 


B 


p A B1s the Zaſe 647yards.tect, 
© The QBCis the Hypotenyſe\contain- 2 poles,lea- 
4. Side /CA isthe Perperdi-QC ing YC gues,or a- 
W.- , cular . C43 ny other 
we”. mealure. 
=Y 2 bent - + Gs - 
"2 Awa Right Angle # 90. . 00 
The Bis the Angleat the Baſe contain- 

: angle JCis the Angle atthe —_ ing 36; $2... 

53 08 "4 


- perdicular 


Now follow the ſeyeral Caſes. 
& +» 
| 4 — KC a &> & 


I. Caſes in Sines and Equal Parts. 
Caſe 1. 


The Baſe B A 64, and the Angle at the Baſe B 36. ” | 
being grovem, fo find the baths ps : e 


Note here, that all fuch Cefes as are to be perform- 
ed by Sincs and-Fqual Parts, are beſt to be wrought 
by the Jarge Lineof &ines on the foxdtide of the-1-- 
ſtrument. bay 4 | 


AsSC. << B53.8m.£.BA 64::8:< B36.52:L. CA. 


Take 64 outof the equal parts, and ſet that di- 
ſtance im 53d. 3m: of the Sines, bringing the Thred 
to the neareſt diſtance. then fr 6d. 52 mitake 
the neareſt diſtance to the Thred Wis diſtance mea- 
ſured upou.the equal parts, ſhall give 42 for the fide 
CA, >, | 

And thus, ' were a Tree, Steeple, or other 
Building, and ſtanditg, at B, you would know the 


height therept's the An is your Angle obſer- 


ved by a oro: rape the Baſe BA 
is yout mcaſyred diſtance; by which yo, the enqui- 


red Altitude jnay be found, - 


\ 


wgm_ - - —_—w 4 
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| Caſe 2." 


The Hypotenuſe B C 80, «nd the Baſe AB 64, being gi- 
oe my to find the Angle at the Baſe B. 


As8. © A,go0d.: L. BC80::L.AB 64:8C.<B. 


' Take8o out of the equal parts, and ſet one foot 
thereof in 90 deg. of the Sines, bringingthe Thred 
tothe neareſt diſtance; then take 64 out of the equal 
parts, and enter that diſtance between the Sines and 
the Thred, fo ſhall the Compaſs-point reſt at 53 deg. 
8 m. which is the complement of the Angle at B. 
And thus, af Bwerea Sea-Port, and Aand C two 
Ships, which had ſet fail from thence, the Ship A had 
ſailed from the Poxt South 8&4 Leagues ; and the other 


had failed more Weſtward 80 Leagues ; and jt had 
been required to know upon what pointof the Com- 
paſs the Ship C had failed 3 the AngleB being 36 deg. 
52 m. ſhews that it had failed $.W. byS, 3 d.and 7 m. 
Weſterly. 


 Pano2ganon. .- = 
- 0: Caſe go. : 

The Hypotenuſe BC 80, and Baſe A B64, being given, 

to find: the Perpendicular. 


As LBC 80:8 <A god::LBAS<C.. 


Take 80 out of the equal parts, and ſetting one 
foot in go of the Sines, bringing the Thred to'the 
neareſt diſtance 3 then take 64 from the equal parts, 
and enter it betweenthe Sites and the Thred, {o' ſhall 
the Compaſs-point reſt upon 53 deg. 8 m. the Angle 


at C, 
A Ship at. A, ſees an Iflgnd at C, which, bears from 


him dire&ly;,Eaſty, and a Port at B, which bearsfrom 
him direQly Nerth,and is diſtant 64 Leagues 3 and 
this Ifland at C, is diſta the Port at B,8o Leag. 
Now to know how the IflangC, bears from the Ship 


A, and the PortB: The I rs from tbe Ship A 
diretly Weſt, then the pporry ornkn 3d. 8 m. 


ſhews, that'it-bears N.W. 1 a 2d. 31m. 
Northerly, noe ome ImY 
d T 


E 


Caſe 4. 


The BaſeBA 64, and the Angle at the Perpendicular 
C 53.9. 8 m, being given, to find the Hypotegulc,. 


. ASS<CC, 53 d.8m.:L.BA 64 :8<CA g0d: LBC. 


Take 64 out of the equal parts, and fetone foot 
of; that diſtance in 53 deg- ne the Sins, bringing 
s &c j 4a S % e 


82 Pand2ganon. 

the Thred to the neareſt Diſtance; then from the Sine 
of go, take the neareſt diſtance to the Thred ; this 
meaſured upon the equal parts, ſhall give 8&0 for 
the Hypoternſe BC. 

Now. if C A were the Wall of a Fort or Caſtle be. 
ſieged, about which there were a Moat of 64 foot 
broad, as BA, and you would know what lengtha 
Scaling Ladder muſt be, to reach from C, the topof 
the Wall , toB, the Brow of the Trench; by 9- 
drant or other Inſtrument ob\erving the Angle at C, to 
be 53 d.8 m. By this Caſe, "the length of the ſide (or 
Ladder) will befound tobe 8o foot. 


Caſe 5. 


The Hypotenuſe CB 80, and Angleat the Baſe B 36d. 
| 52m.to find the BaſeBA. 


As L.BC80:8 <Ago::80C.<B $38:L.BA.' 


of 


Take8o fromthe equal parts, and ſerit' in the Sine 


Panozganan. 33 
of 90, bringing the Thred to the neareſt diſtance ; 
then from 53 d. 8 m. take: the neareſt diſtayceto the 
Thred 3 which-meaſured upon the equal paxts,. ſhall 
give 64 forthe Baſe B A. $ 

If C were the Top of a Hill, tothe top whereof, 
from B, the foot thereof, were 80 paces, and the A(- 
cent obſerved by Inſtrument, were 36 deg. 52 m. 
and it were required to find the Horizontal or Level 
Line of that Hull; by the reſolving of this Caſe it will 
be found to be 64 paces. = | 


—_—_—— 


— 


— — 


II. Cafes in Tangents audequal Parts. 


Caſe 6. 


The Baſe AB 64, aud the Perpendicular C A 48, being 
given, to find the Angles CorB. 


Theſe Caſes which are to be performed by Targents 
and Equal Parts, are beſt to be wrought upon the 


Line of Tangents, and the leſſer line of Equal Parts on 
the backſide of the Inſtrument. 


As,L. AB64:T. <A 45 d::L. CA48: TEB. 


Out of the leſſer Line of Equa! Parts, take 64, and 
ſet that diſtance in 45 d. of the Line of Targert-, 
ringing the Thred to the neareſt diſtance; then out 
Or the 


ſame equal parts take 48, and enter this di- 
M 2 ſtance 


$4 Pano2ganon. 
ance between the Tavgent Line and the Thred; & 
ſhall the Compaſs-point reſt upon 36 d. 52m. which 
1s the quantity of the Angle atB. 

By this Cafe may the Suns Altitude be obtained ; 
for ſuppoſe CA to be a Staffe, or the like Gonomon 
of 48 inches long, ſet up perpendicularly on a plain 
Level ; and the Sun (ſhining, ſhould caſt the Shadow 
hereof to B;z which meaſured , and found to be 4 
inches: Then by reſolving: this C2ſe, the Suns Alti- 
tude at that time will be found to be 36 d. 52m, _ 


Caſe 7. 


The Baſe A B 64, and the Ompraogier CA 48, be. 
ing given, \to fend tbe Hypoteu& CR.) 


You muſt firſt, by the laſt Caſe before-going, find 


oneof the Angles BorC, and then by the 4th. Caſe 
you may find the Hypoter 


Hje. 
And theſe are al the Gaſes in right angled plain 
Triangles; and fo we will proceed to the Caſes. 


* : 
- 


Wo 5 #® a —— - 
| - i A 6 
=. 
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q Oblique Anoled 7 Plain Triangle 


He Oplique Angled Plain Triangle which I ſhall 
make uſc of 1n the following Caſes, ſhall be this 
CDB, in which, 


(D Brhe Baſe "i (73 ) yards, feet 
D C the Loreer | 475 | Perches, 
The CB the Shcrter x4 £40 L .cagnes, 
Side <the Po— CA? tains] 24 = any 0- 
the Seoment s A | | 4T; | ther mea- 
| of the Baſel AB 'Y 31: ) ſure 


4 m. 


is an acute Angle - ing 


Cs anobiuſe Angle 112 46 
The Ani Þ ? 0 3 6 02 


B 36 52 


—_— 


BE PanoNganon. 


I. Caſes in Sines and Equal Parts, 


Caſe 1. 


Two Angles D 30 d. 21m. and 1 C117 d.47 m. with 
the Side D C47 5 comprehended between them, being 
given , to find the third Angle”B, and any of the 
other two Sides CB or DB. 


Firſt, For the finding of the third Angle at B, 


| SDis 30. d. 21. Mm. 
vom Angle) © 1s 112. 47. 


—_nm——_— 


Their Sum----143-—-08 which taken from 180d 


| —— 


Leaves ,- 36 $2 forthe AngleatB. 
Secondly, For any of the ſides, as 1. for C B 


ASS<B 36d. 52:L.D C 47 1::S<D 3o. d. 21, 
m.L.CB. | 


' Take 47 i out ofthe & » and ſetting one 
foot in 36. d, 52. m. of the-Sines7 bring the thred to 
theneareſt diſtance, then from 3o. d, 21. m. take the 
neareſt diſtance to thethred,ſaſhall thatdiſtance mea- 
bares upon the line of equalparts,grve 40; for the fide 


os. 


2, For 


Panozganon, $> 
2. FortheſideD B; 


As S< B36d.5» mL. DC47i::$S—CArn,. dd. 
47 m. (or its complem&nt to a lemicircle-674. 
14m. )L.,DB, 


Take 47 5 out ofthe equal parts, and ſetting one 
foot of the Compalles in 36 d.5 2 m. of the Sines, ring 
the thred tothe neareſt diſtance; then from 67 d. 14 
m, of the Sines, take the neareſt diſtance tothe thred, 
ſo ſhall that diſtance reach upon the equal' parts to 
73, which is the length of the fide D B. 

By this Caſe may befound the diſtance of places 
upon the Land, or of Ships upon theSea : For, ſup- 
poling  B. to. be, fome Fort, * Caſtle, or other 
place upon the Land, remote from you, or ſome Ship* 
upon the Sea which you cannot approach, yct you 
would know how far it is | diſtant. from the place of 
your ſtanding at D.-——— Having. a Theodo: #: (or 
other Surveying Inſtrument) place it at D, and di- 
re& the Sights to B, then ſecing ſome other conve- 
nient place upon the Land,wher&ealſo you may place 
your Inſtrument (as at CD) dire& your Sighrthither, , 
and obſerve what angle C makes with B, which lct 
be 30. deg. 21. m. which isthe angleat D.and mea- 
ſuring the diſtance D C you find it 47 Pole and oo, , 
half; Again placing your Inſtrument at C, obſerve 
what angle is contained betweerr D and B, which 
let be 112 deg. 46m. and this is the oy at C. So 
now having the angles D and C, with the fide be- 
tween them; you may (as in this caſe isdirefted ) find 
the diftance of the Tower, or Shipat B, to be diſtant 


d from C 40 Pole. 
from D 73 Pole, an 40 aſia; 


TH 
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C aſe 2. 


Two ſides, as DC 47 * and DB73. and an angle oppo- 
ſite to one of them, namely, the Obtuſe angle at C, 
112 d, 47 m. (or as its complement J 67 d. 14.) to 

| W the other ſide CB, and the two otter angles 

and B. 


ASS C<C674d. 14 m : L. DB 73: 
S<D 30d.21 m.;L.CB 


Take 73 out ofthe equal parts, and ſet one foot of 
that diſtance in 67 d.14 m. of the Sines, bringing the 
the thred to the Neareſt diſtance,th en from 3o d. 21. 
m. take theneareſt diſtance tothe thrid, ſo ſhall that 


oe give upon the equal parts 40, for the fide 
B. 


And thus the three fides and the angle C being 


known, it jscafte to find either of the other Angles 
B or D. For: 


t. ASL, DE:S<C::L.CB: SED 
And::L DC:S<—<B $-- 


And t his Caſe may beapplyed to diverſe the like 
Gceometnca] conclnfionsas the laſt Caſe was : 


IL.Coſer 


Panozgauon--- "mi 
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II. Caſes in Tangents and Equal Parts. 


Cie 5; » 


Two ſides CD47 3,end C Bao withthe angle at C 112 
deg. 47 (included between them) being given to find 
the other two angles D and B, and tbe third fide DB 


Firſt, Take the ſum and diffeſbnce of the twogr 
ven fides and CB; - Take half the Sum of 


Their Sum 87 5 


+ Their difference 7 5 


N Then - 


fo Panozganon. 
Then the proportton 1s 


As the -fum ofthe ſides, DC and CB 87 * 

Fs theTangent ofhalfthe Sum of the unknown Ant 
gies es 33d. 36m. 

$o 1s their difference 7: 

To the Tangent of 3d r6' m. 

Take 33 d. 36 m. out of the Line of Taoge nts, 
and ſetting one fot thereof in 87 3 of the Equal Parts, 
bring*the Thred tothe Neareſt Diſtance, then from 
71 of the Equal Parts, take the Neazeſt Dritance to 
the Thred; this diſtance entered between the Tan- 
gent Line and the Thred ſhall reſtu 3 deg. 16m. 
which 3 3 deg. 16 m. being added to the half fum 33 d. 
36 m. will give 36d.52 a;For the -ogial of the two 


unknown ay ds a g,16 m. being ſubſtradted 
from the half ſux Anat: jviS3aday m, forthe leſſer 

angle at D, 
u# inokirng foul the thee Snaglea and mon 
af& woke ang PAdES le DB 


— - 


TT FL 19,8 valet & ma re 


-_ 


going. " a 


Fhis caie 'may-alfo be a tothe png of 


diſtances; torfranczag' at C,and/knowin diſtance 
trom C to B andirom'C::to D; and; al g oy 


Inſtrument vehatiangle 15'made — an 
diſtanc&D'B bythis Caſe will be bandeo be 73 7 


or Pole, / = 


* 1 , 


144 , 
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# 
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"08 Caſe 4: , "7. t FI 
The Three ſides D B 73 DC-47 rand6 \ "bei 04 
ven t6:find any of the Angles, © ORE ME 
Firlt having the greater GdeD B=-73," 


The. two D.C rk 
Sides La: *c ThaS 1 


v4 


—— 


TheirSum. , 874... 


y py TIT MG, © 077, F. ou 
.  Theig,difference 7 1 * 


Then 
As L.DB 73L,D Cand CB87:; 


} : -+:differ of L.CD & CB 7 4;DE 10 


Take the greater fide DB 33, out of theLine of 
Equal parts, and ſet itin the term of the” Sum of the 
two leſſer fides, viz. in 87, bringing the Thred ” 

N 2 the 


d 
| 
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the neareſt diſtance; then from the difference of the 
two leſſer fides, viz, '7 £ 'takethe neareſt diſtance to 
me Nhges, 2 and that meaſured upon | the Equal parts 
Tits rois sDE a part of the crevrefhite, which be- 
| ing ſubſtracted fro +l whole ſide o- 73. leaves63, 

and in the _—_ ' this Olitique: umn CA 
fall, reduci "Flange OY -<CD B into two 
Redangled' bar ts Trey into the Triage 
CABand CAD, both-ri we Ate wh A, in father 
of which you have twoftd given beſides the right 
angle;zandfo any ofthe ot =_ may be found by 
the 6th and yrh'Caltvof Right angled Plain Tranghs 


before going, 7 A thus I Sacks e with the dodri 
of Plain Triangles. | 


| - ” 


wad 


"SECT vii. 


Shen the ER oof _ f Sin = 
Mes 2x. t : 


ſton of 'S phierie Tragles” 


—_—_ Y * 
: - 12 3 - 
=—_— "_ a ">, po | Kd 


1 
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T1, Of. Kight our pc Tring 


The Right angled $ opheritalfriaighe which Fi at make 
uſe of, ſhall be theſe following. 


Ts firſt whereof DEF is compoled of three Arches 
great Circles ofthe Sphere, viz. upon wh! is 
cou 3% the Suns preſent declinatiort 
1, ThePer DF isan Archof the Meri. | 
dian,upon'which is counted theSuns di fr6m the 
Equinoctial: 
2. TheH ypotenuſeE Disan Archof the Ecliptick. 
3.The Bale FD isan Arch ofthe Zquator,on which 


s counted "the\itns right Aſcenſion. 
4. The AngleatE being the interſetion of the E- 


cliptick, and Meridian is the Angle of the Suns Poſe- 
ton, 


5. The 


s. The Angleat D, being the interſc&ion of the 
Ecliptick, arid the _Zquitor,. 1s the Angle of the Suns 
oreateltdeclination, © +» © 

6. The Angle F is the Right Angle, made by the 
interſeCtion of the Meridian and the #quator 


d, 
The Perpendicular EF,is the/ Suns declination 11 


The Hypotennſe E D is'the- Suns Sifeavee $ | 
from Aries or Libra 30 

The Baſe F D,is the Suns Right Aſcenſion, | 

or thatdiſtance of time that the Sun Kiſes C 27 

or Scts from 6. T7 
The Angle Eisthe Angle ofthe Surs Poſit#97-69, 
The AngleD, is the angle ofthe Suns 2, 1 

elt decley, 3. 

The AngleF isa right Angle, | 


The ſecond Triangle is AB C. com 
three Aches of great Circles of the $ 


1. The Perpendicular CA an Archof the) 
Meridian, upon which is counted 
the Latitude of the 

2, The Baſe BA, an Arch ofthe Ho- 
r120#, upon which is counted the|C 
Amplitude of the Suns Riſing and|! 
Setting,trom the North, g1 

3: The Haetenaſs: CB, an Archof an > 
other AMer;dianapon which 1s count- 
ed the complenient of the Suns de- 
clination: 

4. The Angle at the T erpendiculqr C,"! P 
* whichis the hour Gomes midnight: 

5_:The Angle at the Baſe B being the '1 
Complement of the Suns Poſttior. - | ; 56.23 

6, Theright TEES J 90: O. 


Having give youa briefview of the Trian rigkes: and 
what every ſide and Angle in, each 'of how repre- 
ſents, I will now proceed to the ſeveral Caſes; 
and , 


I Caſes 


1. Cafes in Sines alone. 


| Caſe t. Triangle t. 


The H potenuſe, ED, and Angle at the Baſe D, being 
rofnd the Perpendicular E F 


All theſe Caſesin $izer alone are beſt to be wiyaght 
upon the large line of Sire. 


As S<F god. SED30 4::$E&D 23 d.30 m.SEF 


Out of the Line of Sines take Zo d. and ſet one - 
foot of that extent in god. ejnghng the Thred tothe 
Neareſt Diſtance 3; ten 30 m, take. the 
Nexett Ge 1, ps TIL b_ malarInp- 
on the Sines how Il oO m, for the - 
| dicular E F. g : NF 
Prin this nod tbe fu « proveeſt declination, G, his 


ng ,given, may be found 
RET preſe man deer 11d. 30 m. 
Caſe 2. Triangle 1- 


\ The Buſt F D, and Perpendicular E F bein n, to 
' "nd tbe Hypotenuſe E D. . FRY 


As w F.Sgo: SCEF 78 dzam: :SCFC62d.s m:SCED 


/ \ 


Take 


EY p.. = . 
o 9 p 
\ * 
' ”» *% 
» FT 
6G 
"=" rg C 
- . 


Take58d. —— Eane of Simes, then ſetting 
one foot of that extent in go d. bringing the Thred 
to the Neareſt, Diſtance;' then from 64 d. -- 6m. 'tak 
the Neareſt Diſtance toi the: Thred, which diſtance 


upon the Line of Sines will give 60 d. for the come 


ſement oL.E D.- | 
And by this Cale, if the Suns ri oht Alcenlioi 10n = 


his Declination had been given, gn Suns diſtatgce 
from the next SETS. point Aries Ss. found 


3od. 


. (Caſe 3+ Telanglaine 4 


| The Baſe F D,, aud the Angle at the Baſe D being 
; FP to 4 the ane « ROY 
ar d bc 


Ars <F god: LCAC616, 6m: 
:$ Ma Crag $c<E. 


Outaf the Line of fines take. 6a d.6 m, and fot 
that diſtance m go d. bringing the Thred to the 


Neareſt Diſtance.z thenfom 23 d+-30 ta; | take the 
Neareſt ng to CURSE 4 Tos ſhall reach - 


no f0500 5am p_rcHE 


inns 6g, 28 i. 


#18) FL "7 170 >» #1 Þ p 1! h 
Hs No mods TO MYOnT ? ; LR 


By : Wop 
; Caſe "47 TrMangfe'n, > 30aeT 
| | 


\The Perpendicular EF, and the angle «t the ſed 
beimg Po , to find theH ranges ry 


As5 <234. joe: SEF. ird, Zom: s<F go: SED. 


Take out of the Lins of Sines tr d; 20 m;-and(t 
one foot of that diſtance in 23 d. 30'm. bringing the 
Thred to the Neareſt Diſtance. Then from go'd, 
take the Neareſt Diſtance to the Thred, this diſtance 
meaſured upon the Sines ſhall reach to 36 d. whichis 
the;Hypotenule E D. 

Thusif the Suns greateſt declination and his pre: 
ſenr declination be known, his diſtance from the next 
AquinoGtialpoint might be found by this-Cafetobe 


30d. 4 
Caſe 5. bes. ye T. 


The Perpendicular AC and 4 katthe Baſe B Ky 
"gFoen, Fo -fuards Angle ih 2 Vhe 


As lr oCa 04.56 m 26<B ETSY 37: S<Agod << 
Out of the Line of Sines take 2s, yo 


ſettin ug one foot of that extent in 94> 256m. 
the Thred:to the Neareſt Diſtatice, then from 9 


take the Neareſt Diſtance OE, Ut this diſtance 


meaſured oh. the Sines ſhall give '62'd; 45 m; forthe 
quantity of the Angleat C. 


And thus if zhe Latitude ofthe place, and the An- 
gleofthe Suns poſition at the time ofhis riſing, or ſet- 


ting 3 had been! given,the hour from midnight, 

be found,,ashere 624,45 mwhich, in time, is 4 ones 
and x41 m; Which ſhews the time to be 49 m. paſt\7of 
the Clock at-night, or 11 m. paſt 4 in the morn- 


ing. 


| | . F | 
Panozganon. © 99 
. 


Caſe 6. Triangle 2. 


The Angle at the Baſe B, and the Angle at the Per- 
pendicular C being given, to find the Baſe B A. 


As5s<B56d.23msc<Ca7d.r5 m::sAgod:sc BA * 


Take 27 d. 15 m. out of the Sines,, and ſet that 
diſtance to56d. 23 m. on the ſame Line, bringin 
the Thred tq the Neareſt Diſtance; then from, 90d. 
take the Neareſt diſtance to the Thred) this diſtance 
ſhall reach on theLine of Sinesto 56 d. 40 m.the fide 
BA. | | | 
And thus, ifthe Angle of the Sung Poſition: at the 
time of his-Rifing, and; the hour from midnight, bad 
been-given, the Amplitude of the Suns Riſing might 
be found by this Caſe to be 56.40 m.from the Nortb, 
or 33d. 20 m. from the Eaſt. 


YY | Caſe 7+ Triangle 2. i 240044343 | 


The Baſe B A and Hypotenuſe C B being given to find 
the Angle at the Perpendicular C A. . 


As3BC70d:sAgod.;:3BA56d.40m.:5 <C. 
| 1 O 2 | Take 


4To Patowtcanen. | 

Take 04. out of the'Stes, and ſoreitig) :0ne hg, 
m-$g0'd. 'bring the Thred to the Neareft Diftance. 
Then/outoftheLine of Sines,* take '56'd/ 40 "mh, and 
entfing this diſtance between the LineofSines andthe 
Thred, the Compaſs point ſhall reftupon 62 d. 45m, 
which istt e quantity of theAngle at O. 

An1ſo if the Suns Amplitadeat his riſing or ſetting, 
With his declination had been grven, the hour from 
midnight might have been found to be 62 d, 45 m. 
'Or 4 hours and 11 m.'from midnight. 


Caſe 8, T riangle 2. 


The Baſe B A, and Hypotermſe CB being given, to find the 
perpendicnlar'C A. 


"As BC 334. 2O' me SA 904 ::3cCBn2oU:sc CA 


Out '6f the'Sinesrake'334. 50 m. and ſettiig 'bne 
toot im the Sine of go d. bring the Thred to thenem- 
eft tiſtiqcy. Then taking 20 -d.out of the {ame line, 

-enter NN Ra Fee NE Ree UG 

THI [45 Rue Contef polntreſtuncn 5B 0.4 

m.r- PEROEO | HI: 
Soifthe Suns Amplitudeathistifing had been -6b- 
fcrved tobe 33 d. 20m. and his declination 20 d. the 


Latitude ofthe place had beenfonnd to be 51 d.zom: 
the perpendicular C A, | 


' TE Cafes 


104 


; a + 3. af 
.' Panoaganen- 
31 16.5: :22219g0nsT Jo ont 92) tout 
Cafes #n_Sincs, avd T 
ala A0 4 #134 4 | FT? 6 ” 
| ther: _ q wnrrp iis 4, i "4 Jad 


| bo# ? 


+ tt 096g. Wings, fat 114 

ba wy ISLon. 

The HypoterinſeE- -D, and apgle at the Baſe D,bein 
eiven, to find the ongle at the Perpendicular E. p 


As<F go dr<Dag: dgom. :6:C ED.60d: t6/E 
85M 26, 235k | 12 1 

Take 23d-/z0-1b. 086 af the Line of Tangents, 

and fettingone foatan the Sine! of go d.: bring}.the 

Thred to the Neareſt Diſtange. Then from 60d, 'of 

the Sines, taketheneareſt diſtance to the thred, \ ſo 


ſhall that diſtance reach-tg 20 d. 38 m. whole com-+. 


Cn 69 d, 22 m. Is the ney of the Angl 


So that if the Suns ſtance fromthe next Equino- 
&ial pom. ArieKori Libre bod: been gwen, toperacr\ 


with the Suns greateſt dechnation, the Angle . of 
the Suns p_ inight betound tobe 69 AG! m. 


72 mon "caſe L041! Hagen. | 


1] | b. 
: Þ } M11 0179 81 "3 


> ThevyporranfeSly ind. ni ag at heBaþe D "Ze- 
ing auger find the Baſe FD. 


Asv<F p0dzED 3oll:e06 D664 30m. tFD 
| hs; "Our 


- - 
-, f 
; . % 
, 
- 
*% 
2 
>. oy 


x02 *Pittiozgation. 


Out of the Lineof Tangents take 30d. and ſetting 


TIRE IS Oe EE 


take the Neareſt Diſtance to the Thread, fo fn 
that diſtance meaſured upon the oe, oive 27 d. 
54 m.for the fide FD. 
And thus, ifthe Suns Diſtance from the next Equi- 
grming int, and his greateſt declination had been 
wn;the 'SunsRight Aſcenſion might be found to be 
_ kk 54M. which? isthe diſtance that the Sun riſcs or 
or ſets before or after ſix of the-Clock, which in time 
isthour and 5+4-m.ſothat'the Sunriſethr.h. 51 m.befote 
6in the morning,and ſets as much afters at enight,And 


thus maythe length ofthe day andnight be known as is 
fhewed in the fecond part of this k and the 8th 
Aſtronomical Problem. 


oy [1- 


The Baſe F D, ind the = BY at the Baſe D,being given 
to find the Perpendicular E F. 


A33 Fgo d: :6<D 23 d;30 m6: +FD27d. 54m: eEF- 


Take 23 'd. 30 m. out of the Line of Hh. 
and (et that- diltance in the Sine of 90 the 
Thred tothe Neareſt Diſtance- | kh from 27 > ho 
m.ofthe Sines,take the Neareſt Diſtance to the Thiel 


and this ſhall give the TangentF11.d, 30 m. for 
the Patwdeliontr EF.. Ire: ws 
So ifthe Suns greateſt declination and his Right 


Aſcenſion had been given; this: declination. would- be 
tound (by this Caſe ) to be 11d. 30 m. 
Coſ 


OOH: Krgg® "Pp 
103 


69h 1 G 12. -Iobeg ) 


The Baſe ED, and the Per vir 
to find the Writs 3} *h, m 


As8F D 27 d. <4 m: tEFird. 30m: :RagD. 


Take 12 d.3o m, out ofthe Line of Tangents, 1 
ſettin ng en that diſtance inthe Sinc of 27 d.z4 my and 


Thred to the Neareſt diſtance; ,then the 
_ take the Neareſt Diſtance Ho Thred :.chis 


Giſtance meaſured upon the Line of Tangents ſhall 
reach to 23 d. 3om. the quantity ofthe Angle atD. 


Thus if the Suns Right | and his preſent 
declination were given, gen, the Yam eſt decli- 


nation might be: ng oc to. be 23 d. 


30m. - 


| Caſe-13, -. Triagghe 2. - 3; Dp g%, So fe 
The Baſe B and the Angle at the Baſe X vein gi 
find the typotemſace 270 


FORE Rr" 37m a<Ag0 d:ztBA 56d 4pm: Sf, s 


' Thislvtfie Canon orProportion b bo wk ehis Cale | 
to berefolved but in =o the Tangents*” 
yg 62. a6 Brand in this Triangle © * 


e uſe 


Nh ups 


Taſk 
converted into their com plaonts, and thoſe of nes | 
| ane ed ws | ”. | p 


$a. 


= 
<2 56 


| s<Agod:3ouBy3 4.7m: (BA 33d.20m:te CB BY 


"Wherefor&fake 23 d; 20 m. out ofthe Line of 
angents, and ſet that diſtance in the; Sme of god. 
g thethred tothe neareſt diſtance. Then from 
Es -m:. of the Sines take the neareſt diſtance to 
W- tired: z this meaſured upon the Line of Tangents 
ſhall give-20 d, the complement whereof jJ6d. is the 
y ofthe H _— ef 
7” Adthus ft litnde, and his angle 0 
potition at ju open 5 were given the 
declination might be. found (by this Caſe)to h 


20 d; 
| 


| ml | #461 | Lat, » hb ; 


| «122! » 1097 


The Perpet Uitwlart's wy ihe lowt aw e F be 
ren to find the "Baſe b Mi | 7 way 


wi Bo 
: 


Ast <B 56 d.23nr8CA'go d+:XCA 5x al 


Fake 96d. out ofthe Line' over 
foot of that diſtance in the Tangent 


b Ke? jon. Wigs t he thred to the neareſt ry: red, 
| om: take the' neareſt  laeetor othes 


Il reach to 56d. 40 
7 pag Fee pon ch 


ns Gs meat 
7 i oY pſt [ 


101191 9UT : CEE SY Ty 
be alt ' oy 


BY 
+. 
Vaz 


% m , 
4« 
* 
& [1 
, Ks? 
. n CY 
- - 
. «. 
= o 
= _ - 
| . 


1 


lofthe Metidian night be founc nd (by thi Cafe) to be 
56.d. 40 m. orfromthe al or Wel 0. We. 
e* iirDil 3-rbÞ- ate air vi 
| | ACh Tris al has. 


| ; 04 £211 _ I» : 
. IT 

the Be eRA, re rypote RafeY B. being £15 = 
{24,6 Angle " BaſeD.” Sir} 


As s<A god:tcBA 33d. 20 m: : to.CB 204;26B. | 


ke- 33.d 
CERES. we Poe f 
[Neareſt Diſtances _ 


20d. and enter it 


| 


; 


| os LL 


ELECT 2 


aaſt js ph ;of Shea ind the 


had been given, the Suns of CR 
found {by f hy Gaiin6 by Y-loag oh $7? 3:7 "82 


Py "a, 3 Of | 0. Fe 47; 3 78 2 an * + P ors 2 © 
| Caſe 16. Triangle 2. 
| —R. ” 
The Angle .at the-B and the Angle at the Per-| 6 
| l , 
preogiculer þ 7 to find the Hypotennſe CB. F 


<q os & 5 


k 23m: (CA god: tos Y d.15:5cBQ 


ASt<E 6c 


*D- of pringi p Thred to the Ne:z | 
ff ke Fanoths d 15 m. take the Neareſt ORy 
ſta eto the Thred, which meafured upon the _ 


©1108 


wil 


| 


were iv th, 
2-001 E357! 


ſhall give 20d, the complement whereof 56d, is the 


k : 
| _ 


-— - . _— " 
m—_ 
-. — 0 
s] A x | 
_ . 


\s s<Agod:sceB 33 d.z7m: :tcBA33d.20m:tc CB | 


*Wherefore'take 23 d. 20 m. out ofthe Line of 
angents, and ſet that diſtance in the Sme of 90d. 
Dringing the thred to the neareſt diſtance. Then from 
33d. 37 m. of the Sines take the ncarelt diſtance to 
he thred ; this meaſured upon the Line of Tangents 


quantity ofthe Hypotenuſe CB. 

Atidthus, ifthe Suns Amplitnde, and his Angle of 
poſition at theime ofhisriſing, were given; the Suns 
declination might be found (by this Caſe ) to he 
20d; 


The Perpen di cular CB uid the Angle at the Baſe B being 
given, to find the Baſe B A, = 


| 


Ast <B 56d.23m:8CA god::tCA 514.30 m:3BA 


Take god. out ofthe Line of 'Sines, and ſtone! 


* [foot of that diſtance in the Tangent of 56 d:"24 m. 


bringing the thred tp the neareſt diſtance, then from! 
$30-3Om: _ the _ diſtancetothethted; and 
that ſhall reach to 56d. 4om.upon the Sines. which is 
ehEquantity'of thefide BA. bo noms Rt WP c 


. 


In-this mdnner. ifthe angle of the Suns poſition at 


the imeof Hip rig, and he Eititudeofcle 


— 


—_— 


umg, and the Litirt hace 
Sins attiphtuge froth the pare 
'-S ON NNTT9] D013: TOW iontogomnyt iff 
L139 - EE> "#$44OP | 
HoQartt 


195, 


ofthe Meridian might- be Spd y hi Qy).to be 
56.d, 40 M. or fromthe Eaſt orW SET Lo yg 


\: 


Caſe I5. Triangl/2 Y3 


The Ba jeBA, a#d ehe H rypote muſe CB, being given, to. 
find the Angle atthe Baſe D. 


As s<A 9god:tcBA 33d. 20 m:: tc CB 20d: CB. 


[@t thatin the Sine of 90/d. bringing the Th 
Neareſt Diſtances then ont. of the A ent 
209, and enter it between the Line of Sines and 7 
'the Thred, fo ſhall the Compaſs-point reſt upon 
the Liti& of Sines in'23' d. 37m: /the po py 
of theAngle B, which is 56dy/23/mi's --, 7: 

And thus if the 'Sans Amplitude and) deeifncinn 
| had been given, the Suns Angles of Polition might be 
pong Oy this Gale): to be 56 d. 23." 2 


Take 33 d. 20 m. out of the Line of T redrotie 
t@ 


S + & 


Caſe 1 16. eas. | We 


"9+ CORR 
— — 


—_ kd 


The Angle at the Faſt B”, and the Angle at the Pers 
pendicular C beinggroen, to 0 find the Hypotenuſe CB. 


Ast<B 56. 23m: 55A god: : to=@ap SIP 5c BC 


Take-g0 ds cout of the Line of Sine." and ſet 
one foot of that diſtanee in the Tangent of 56d.23 m 
bringing the Thred to the Neareſt Diſtances. 
7 omthe Tangent of 27 d. 15 m. take the Neareſt J 

ance to the Thred, > Which eaſured upon the Lin 


— OO R— RO OE CC —_> —_ — 


106 Pano2gandy. 
ofSinesſhall give 204. the complement whereof 76 
d. isthe fide C B. 

And thus, ifthe hour from Midnight , and the An- 
gle of the Suns poſitionar his riſing or ſetting had been 
given 3 his declination might be found by this Caſe 
to be 200. 


—— —_ IEEE nam ———_—— n——_——_ oo — ——— GD CO. 


IT. of Oblique Angled Spherical Tri 
angles. 


'TheOblique Angled Triangle which 
uſe of, ſhall be this ach Thigh PS, ality of 


the Arches df three: Meridians 4 woof them —_ 
{ing eachother in Z,'the Zerith:of the 

two P the Pole of the World, and.alſotwo proc 
in $the placc'of the Sx at the time of the queſtion. 


65" 2% 
Doi gs® 
03 0 


. 
® 
"v 
* 
" 
; 


FO Bo 


2i2T 


Is 
9d. 


Panozganon. .. 107. 
The Parts of the __ Angled Tra ngle 
p | © » 


are th 


ſd. m, 
38.30 


ZPisthe complement of the* 


Latitude of the place — | 

[ Z 8 isthe complement ofthe 

The Side< Suns Altitude - Anu | 40.00 
SP is the complement of | con- | 

C the Suns declination——| tains | 70.05 

In our 

' \Zis the Azimuth from the | Ex- | 130.03 

| North partof the Meridian ample] 
TheAngleZP is the hour fromnoon-.-] | 31.34 
Js 1s the Angle of the Swrs | 

L Poſition —— - — 30.28 


In the ſolution of this, and of every oblique Sphe- 
rical Triangle, there are 12. Caſes, and 69. varic- 
ties; of which 12. Caſes, Five of them are refolvable 
bySines alone, Foxr by Sines and Taxgents together , 
and the three laſt (and moſt difficult) by Yerſed 


S1nes. 


In the reſolvingofthe firft nine Caſes T ſhall make 
the diſtinion of Stdes,as of Baſe, Perpendicular, &c. 
but call them all Sides, without other diſtindtion. And 
being thus far prepared, I come now tothe ſolution of 
the ſoveral Caſes: And<-<: 


P 29. I. Cafes - 


by 


106 PANoganon. 

ofSinesſhall give 204. the complement whereof jo 
d. isthe fide 

And thus, ifthe hour from Midnight, and the An- 
gle of the Suns poſitionar hisriſing or fetting had been 
given 3 his declination might be found by this Caſe 
to be 20d. 


II. of Oblique _— Sphericat Thi 
whe | 


FheOblique riangle which 1 
uſe of, ſhall His Blowin GZS, 


the- Arches df three: Meridians 4>twoof them = 
ing (eachother in-Z,'the Zenitb:of the place, other 

two - P the Pole of the World, and.allotwo olthem 
inSthe placc'of the Sx at the time of the queſtion. 


Panozganon. .. 197 


The Parts of the Oblique Angled Tring 
are theſe : 


| ZPisthe complement of = fd. m, 
Latitude of the place — 38.30 


| Z & isthe complement ofthe 


The Side$ Suns Altitude —— - 1 AnG 40.00 
SP is the complement of | con- | 

the Suns declination—— | \ tains | 50.05 

ain our 

' (Zis the Azimuth from the | Ex- | r30.01 

| 4 North part of the Meridian a | 
VE Oy is the hour ffromnoon-.- | 31.34 


$ is the Angle of the 8wns 
Poſition - — _ 130.28 


In the ſolution of this, and of every oblique Sphe- 
rical Triangle, there are 12. Caſes, and 69. varic- 
ties; of which 12. Caſes, Fivd of them are reſolvable 
bySines alone, Foxr by Sines and Taxgerts together , 


and the three laſt Cand moſt difficule) by Yerſed 


$nes. | co 
FY 
Ia the reſolvingofthe fiſt nine Caſes TI ſhall make 
* diſtintipn.o por He Ren __ 
t call then all Sides, without other n 
D_—_ 


he eel Car rio_ EN Y 


Is 


[40 
P 2. I. Cafes - 


- 
- 
| 
” mp, 
% 


\ 
1 


4 Panm.gamon-! 
I. Caſes in Sines alone. 


Caſe 1. 


Two ſides Z Sand ZT, with the Angle at S oppoſite fo 
Z P, to find the angle at P. 


As.s.ZP 38d.3om; 8<S 3o d.28.m:: s ZS 4od:s<P. 


Take 304d.'28 m. outof the Line of Sines, and-- 
ſet one foot of that diſtance in the Sine of 38 d. 30 
m. briuging the 'Thred to the Neareſt Diſtance;then 
from 40d. takethe Neareſt Diſtance to the Thred; 


this meaſured uponthe Sincs ſhall: give ' 31 d. 34 0 
or the Angle at. P. ID 


Pano:zganon.. : Io9 

By this Caſe, K the Latitude of a place,the Altitude 
of the Sun, and the Angle- of the Suns: Poſition. were 
given, the hour of theday -might be'found,.as hers 
the Angle P, 31 d. 34m, whichin time is 2 hours,and 
6m. ſo thatit 1554. mw. paltg1n the forenoom; or. 6 m. 
aſter 2 in the afternoon, "xy = SING 


Caſe 2; 


Two angles 8 aud P,with the fide Z. $ oppoſete to P, 23 
finil the ſide Z'P.1 " 


As5<P2 td;34 m; $ZS40d 12$<<S 30 d, 29-m2s ZP 


q 7 F- CSS 

Out of the Line of Sines take 34 $- 34 M, and-ſet 

that ig the Sine of 46 d. bringing the Thred to the 

Nearelt Diſtancey Thetzake 30, .d,.28.m. out of the 

Sines, and enter this diſtance between the Sines, and 

the Thred, (o ſhall the compals point reſt upon 38d. 
zom. the quantity ofthe fide Z P: 

'So that if the Suns Altitude;tus, Angle of. polition, 
and the time from midnight had been,given, the La- 
titude might be found by this Caſe. * | 

Bf MU .C oM baaban nonics! 
Ia 3 14] Hi Coſt 3+ 
| 12118 5 " EF 1 
Two fides 2 8 2nd ZP, with. ;the angle P adjacent 30 the 
F nn known-{ide, to fing.the. ſide Mr mod ane 


To reſolve this Caſe, you muſt firſt reduce the Ob- 
lique Triangle itito tworight angled, Triangles by let- 


ting fall the Perpendicular ZR. then in the Triangle 
| zPk you ave given ZP and the AnJleat P by which 


Lnoeo!:. 4% 
JL ISULITY 


you 


riod Pati02Lganon. 

you may find RP (by the 1oth Caſe of right angled 
ſpherical Triangles) tobe 34 d.7; m. Then for the 0. 
ther ſegment of the Baſe 8 R, ſay, 


AsscPZ 51d-30m:scPR 55d.53me :5c ZS god:scSR 


Wherefore take 51 d. 30 m,out of the Sines,and ſet 
that diſtance in 55 d. 53m. bringing the Thred to the 
neaxeſt diſtance; then take 50 d. outof the Sines 
enter that diſtance between{the Sines and the Thred,fſo 
ſhall the compaſs point reſt upon 54 d. 8;m. the com- 

lement whereof 35d. 525 m. is the ſegment of the 

ate SR, which added to PÞ R 34d. 7 |! m. giveth 
70d. for the fide SP. 
So that if the Latitude, and Suns Altitude, and the 
hour were given; the Suns declination, or dj{tance 
from the Pole, might be found to be 70d. | 


Caſe 4. 


Two Angles Z and P, with the fide between them 7 P, 
groen th ſnd the Angle S. 


The Triangle being reduced into 2. Right Angled 
Triangles, as before, you rnuſt by the gth Caſe of 
Right Angled Spherica C—_ find the . vary 
Ofthe Angle RZP, which will be 64 d, 19. m. which 
taken from r3od. 3 m; there will remain the Anglc 
SZR 65d. 44m. 


As *<ÞT R654. 4 mr<S ZR 64d./19m. 
\ 2:5 ESP FOUEm-nees. 
IB SHO FT D106 AN 199799 567 t |; 


© Take 


Pangganon- - i114 
Take 64. 19 a, ow of theSines, and{t it in 6 
d 44.m bringing the Thred to the Neareſt Dis 
then take the neareſt diſtance from 58 d.25 m. to 
the Thre&9 and that diſtance upon the Sinks ſhall give 
538d. 26 m, whoſe complement 3d. 34 m. is the 


Angle5, 


Thus, if the, Hour, the Azimuth;and the Latitude, 
were given , the Angle ofthe Suns poſition . might be 
found by this Caſe, | 


Caſe 5. 


Two Angles $ andP , with the ſide Z Þ (adjoyning 
tothe unknown Angle 7") to find the angle at Z, 


| Youruſt firſt find the Angle RZ P, (by the gth 
before going) as in the laſt Caſe, which will be 64 
d. 19 m. Then find: theother-part ofthe Angle SZR 


in this manner. 


As sc<c P58 d.26m:is c<3S.594. 32 m. 
:: $TPZR 64d. 19 m:SESZR, 


Take 58 d. 26 m out-of the Line of Sines, .and 
tit in 59 442m.ofthe ſame Line,bringing the:Thred 
to the Neare(tDiſtancezthen- take: 64 d. 19 .m.. out 
of the 'Sines, and enter that diſtance-between th 
Sines and the Thred, ſo ſhallthe compaſs poiat .reſt 
upon 65.4. 45, m.which inthe AngleS.ZR and this ad- 
ded tothe Angle PZ R&4d.-19 m. makes 130.93 1; 


for the whole AngleatZ. 


And 


112 Pano2ganon. 

And thus if the Latitude, the Angle ofthe Suns Po- 
ſition, and the” hour weregriven, the Suns Azimuth 
might be found by -this Caſe. 


ol 
- 


—— O_o > ee en on <p co —_——_—_—_— ” > — CO — — —  — — ——— 


1. Caſes in Sines and Tangents toge- 
ther. | 


Caſe 6. 


--- "Two ſides \Z 8, and Z P, with the Angle Þ, to find 
the Angle Z included between the two given 


ſides. | 


You muſt firſt find the Angle ZPR.,as inthe two 
laſt Caſes, then = 


 AstZS4qod: $c<<PZR25d41m:tZP 38d.3om:cs<SZR 


| Take 25d.41 m.out of the Line of Sines,and ſet 
one foot of the Compaſles- in the Tangent of, 4 d. 
'bringing the Thred to! the Neareſt Diſtance; then 
from the Tangentof 38:d;/:30,m. take”. the ' Neareſt 
Diſtance to the Thred, that diſtance meaſured ypon 
the Sines, ſhallreachto/24 d. 16 m. whoſe Comple- 
ment 65 d/44 m.18:the quantity of the AngleS ZP, 
and that addedro 164d. 19m.;the 4A leR ZP rakes 

3lo d. 3. m. the whole Aygle $ $i! Kh Ton 


\ 


- 
« . 


And thus, if S andP were two places, and lying 
- mn 


| 1 \ 7 
Panioganon.” . - 113; 


in the Latitude of 51 d. 30m. and the other of them 
10 50 d. of Latitude. an bearing gf thoſe places 
were 81 d. 34 m. { which tswithin 2d. 4x m. of 3. 
points of the Compaſs) the difference of Longitude . 
of thoſe two places would be found to W130 d. 3m, 
which in time is 8. h.4o m., Y 


Caſe 7. 


Two Angles Z and P, «nd the ſide comprehended be- 
tween them Z P, given, to find the ſides Z 8 and 
" & if ; 


C 


\yu= 


Firſt find the Angles RZP, and S ZR, as in the 
former Caſes, and then, 


As s «<STR 24d. 16m: tPZ38d.30 m. 
::5S_ PZR25d. 31m:tZs 


Take 244. 16 m. from the Sines, and ſet one foot 
ofthat extent upBn 38d. 3om. ofthe Tangents,bring-" 
Ing the Thred to the neareſt diſtance, then from the *. 
Sines take 25 d. 71 m. andentering that between the 
Tangent Line and the Thred, the Compal youe ſhall 
reſt upon 40 d. the quantity of the fide Z S. 


And thus, if the Hour, Azimuth, and Latitude were 
known the Suns Altitude at thattime might be attan- 
ed by this Caſe. 


Q - Caſes. 


- 
- 
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114 


Caſs. 3, 


MY 


Two Angles 8 and P,and the ſide Z Þ adjoyning wy- 
to the writprown Angle, to find the ide $ DP, cone. 
___ tained between the two given Aneles $ and.P. 


—_—_—_——————_——_ 


You muſt firſt (by the xoth Caſe of Right Angled 
Spherical Triangles) find the ſegment of the Baſe 
RP, which will be 34d. 77 m : Then the pio- 
portion-will be, . 


II 


As in 30d 28m:s PR 344.77 m :t<P3 1d:34m:SK | 


Take the Side of 34 d. 7: ont ofthe Sines, and ſet 
that diſtanceto the Tangent of 30 d. 28 m1. bringing 
the Thred to the Nearcſt Diſtance ; then from the 
Tangent of 31 d. 34 m.take the Neareſt Diſtance to 
the Thred;8 thismeaſured upon theLine of Sines,ſhall 


reach tO. 35d. 52: mthe Segment ofthe fide SR: 
Tb a ae IE ch” *" 


. 4 p —_— — —— ta. 
on - 0 - 


- _Pamodganion;; WLY 
which added to theS ent R P 34 d. 7z M. makes 
70d for the whole fideSP,  _._.. | 
And ſo, - ifthe Latitude, the Hour, *\nd- the Angle 
of the Suns Poſition were given, the Suns declination 


might be obtained, C 
Caſe 9. \ 3h 


Two Sides Z Pand ZS, with the Angle Þ included 
X between them being gjivan, to find the Angle at$. 


——— 
—_— 


*»* A t> 


You muſt firſt find the Segment PR, as in the laſt 
Caſe, and then the proportion will be 
Iownhs -* — _ 


— _—_ _—_ CE 
AsSSR 35d,52'm:t t<P31d:34m: :$PR 34d.7'm:t<S 

| Herethe Sineof35'd. $2; mand the Tangent of | 
21 d. 34 meare ſonear ofonelength ( though in re- 
allity, the Tangent is the longer of the ewo ) thatin 
Inſtrumental praftice it will behard to determine upon 


: 


hich Line to work there being not aboye ,5, parts 
difference between them : twill therefore bebeſt to 
find the length of the Perpendicular ZRalſo,and then 
'the Angle S may eafily may be found by the 1gath| 
Cal of angled Triangles. 


| 


EEE 


» IJ 


z 
111. Caſes 
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146 Panozganan. 
IHL.\Gaſes. in V erjed: Sines. 


. - Thais tp following Cafes (the moſt uſeful, and 

the moſt dffficult to be performed either Arithmeti- 
cally ordnſtrumentally ) are moſt eaſily and expedi- 
tiouſly performed by the Lineof Verlicd. Sines; and 
19 the reſolving of themyou are to _.. - 

Note: That the fide oppoſite tothe enquired An- 
ple; when the 3 Sidesarg given, iznow called the 
Faſe, and the other two {1des, the Leggs, or ides 
of the Triangle — And when twolides and an 
Angie included is given, then the {ide oppoſite 
tothe Angle given 1s called the Baſe, and the 0- 
ther two the Sides. ad hz c2o on; . 


Caſe.n0« 


Two ſides Z Þ and. Z 8, and the Angle P contain- 
ed. between thera, being given, to findd the Baſe 


PITT £)6 


Fir(t, You muſt finde the ſum anddifference of the 
two given .Leggsor Sidesof the Triangle; thus 
; d; m. 

The Side or Legg Z P-——-— 38. 30 

The Sides Þ — ——— -70. OO 


Their Sum & 108. * 30 


Panazganon. r1 7 

Upon theLine of: Verſed Sines, take the diſtance 
-between 108 d. 3o m. (the ſum!) and'31 d.i3o m. 
(the. difference ) and ſetting one foot of the Com- 
palles in 103-d. (the end of the Verſed' Scale) bring 
the Thred-to the Neareſt Diſftancepthen from 31 ds. = 
34 m.-({the quantity of the given Angle at P) take: 
the Neareſt Diſtance to the Thred; this diſtance up- 
on the Verſed Scale, will reach from 31 d. Zo m. 
(the difference) ro.40 d. which is the quantity of 
the (ide ZS. 

And(by this Caſe) if theLatiruderof the Place,the 
$uns dechnation, and the hour, were gvven, the Suns 
Altitude at that hour might be found. - y 


TTe three Sides Z P,Z 8, and $8 P, being given #0 fied the 
Angle at 7 | % .1 


In this Caſe, the Angle required 1s the: Vertical 
Angle, and the ſide oppoſite to it is. the Baſegwhere» 


fore, 


11s Panoganots-—= | 
fore, you muſt” find- the Sum and Difference of the 
two Sides; thus; * Py 5 45 y 
The S$:de S L —— ——-——-40. 00 

The Side Z P mon —_—— ---28, 20 

Their Sum 78. 26 


Their difference r. © 36 


— 


Upon the Line of Verſed Sines take the diſtance 
berween 78 d; 30 m.the Sum, and 1d. 30 m.thedif- 
ference of the two Sides, and fetting one foot of: this 
diſtance in 180 d, bring the, Thred to the Neareſt 
Diſtance ; then from the Line of Verſed Sines take 
the diftance fromthe difference 1 d. 3o m.to 70 d. 
the Baſe, andevter.thipgiſtance between the Verſed 
Scale and the Thredz{o fhall the-Compaſs pointreſt 


upon 139 d. 3 m. which isthe quagity of the Verti- 
cal Angle atZ, © ' 


And thus, IftheLatitgde; the-Suns Alti de,and 
his declindtion hadbeenknown; his-Azi om 


the North part of the Meridian might be fo J 


Caſe 12, 
Three Angles Z,$, and T being given to find the Side ZS. 


- \ -Infteadof the greateſt Angle'next 'to the Side 
enquired,viz.130d.30 m.if you takeits Complement 
to18o0d. the three Angles, of the Triangle wiJl. be 
und nts $08 Lan Sides ined Angler 
_ the "{ebIviti 9 of 'Ylie® Triangle” wil be 
210 the 
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the ſameas i the laſk Caſe, and the threeſides ofthis 
oy Dn will be 49 d. 57m;31 4. 34 m./and 
209. 26 M: | 
; And thus have you the whole doftrine bothofPlain 
Sphenical Triangles-made applicable to Inſtru- 
mental performance 3 theſe 12 Caſes of Right- 
lned and 28 of Spherical being all the Caſes that 
are ulyua]: infinite varicties might be deduced. 
from them, as in my 5th Geometrical Exerciſe 1 
have made to appear, but my intent in thisplace 
being not to make a- Treatiſe of Triangles, bu t 
wo ſhew the uſes of the Lines on: the In ent 
I ſhall here. conclude this: Seftion, with this in-- 
timation, that what proportion ſoever you find 
in any Book, cither in'Sines, Fangents, or equal 
parts. joyntly or finglyt, he ſame may be wrought 
upon -taeſe Lines, by obſervmg the two gene- 
ral Rulesfor the: manner of working, delivered. 
in the ſecondSectionoſthis Book, - | 


\ One other uſe | of tbe Line of V erſed 


Srnes. 


. 


By this Linc of Verfed Sines all proportions that are 


in Sines alcne, and the Radmsor Sine of gofdeg. 
mthe firſt place of the rtion, may be wrought 
without the motion ofthe Thred, thus : Find the ſum 
and difference of the ſecond -and 'third terms of the 
proportion; and take the diſtance between thea, out 
of the Line of Verſed Sines, apply this diſtance to' 
the middle of the Verſed Line, fo: as that the lame 


number of degrees may be above go, as is wares 


102 


ſhall the number of degrees cdunted' from 30 eh 
aboveor below be:thefourth. proportional Sine requi: 


red; ' 


Example,” As inthe 3d Cafeof Righe Angled Sphe- 
rical Triangles, this is the proportion ' 


A$890:3 62d, 6 m.:-: $234, 3om.s204.32 m, 


The ſum and difference of the ſecond 'and third 
terms are 35 d,36 m. the ſum, and 38 d. 36 m. the 
difference; the diſtance between theſe rwo numbers 
being takenout gf the Scale of Verſed Sines, arid ap- 
plied on. either-ſide of go-d. equally ſhall reach on 
cither fide af 90d. ta20d9.32 mit you count the ſame 
from go d.' Or when you have "taken the diſtance 
between the ſum and difterence of your two terms out 
of your-Line of Verſed Smes, if ybu apply that ſame 
diſtance ta the larger Line of Sines,7irſhall reach from 
the beginning thereof to 20d.32m,And fo by this Ar- 
tifice may the firſt, ſecond,third Caſes of Spherical Trt- - 


angles, and 'divers other;proportians in Smes alone be 
performed wkhout the motion of the Thred. 
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whed-4- tort colt anty. 


7 the fove 4 
Lines ot: i pats rcants, to - lng 
tiSale of blf Fangentrs:Eqrdl, ports, and hong 
pray — ta aneand.the, lame, | 
iiGupten in, big Second Book 
rats para hackthere ſhowed, how to. 
the Sphere ſeveralwayes,Yiz. twice upon the Plain 
of the Meridian 5 ong& van the Tropick of Capricorn; 
and onceupon the plain of the Horizonlaying down 
ſome: wither, of thole Projection Andan whis 
ofMriGrater , Print&d;io Ax», 

| Gy 7m rows are mary 


wanghoe additions ,f 
whole J te wanner hoy 
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122 Pano92ganon. 

to projet the Sphere( according to theStereographicy! 
or els) pon any 0b Clitedt 
£4 All which Rules there delivered, for theſe ſere. 
ral Projeftions of Mr Gxrters, and that other of mine, 
may al} beapplied to, and performed, bythels Lines 
thus diſpod to one Radius , with wonderfitl Eaſe 
and Expedition; and therefore ſhall leavethe'apply. 
ing thoſe Rules there delivered to the ogeniog ig 
dents praftice. And moreover, all the Rules by 
me delivered concerning Projection, both upon Dj- 
ref? and Obliqne'Circles of the Sphere; m my Geomt- 
frical Exerexfes and inmy Treatiſe of Dialling{both 
_ publiſhed) all thoſe Rules may be brought and 
applied to this Inſtrument alſo: and ſo I ſhall not med- 
dle withthem at all in this place, but ſhew how the 
Sphere may be projeted in Pleno.ſutableto thereſol- 
ving ſuch Problems as are of frequent uſe in Aſtronomy, 
Dialling, Geography : and ( though I ſuppoſe my 
Reader already acquainted with ſome few Geome&- 
trical Elements, yet) becauſe there is one Problem, 
which t not vſually found in every Book' of Pradt 
cel Geometry, that comes often inuſe m/ the work of 
Proje@;07, Tſhall therefore here infertir ithging the 
3th Prop. of my firſt Geometrical Exerciſe, 


Propoſition.  * 


Two Points within any Cirelebting giutn,how to deſeribe 
the Arch of another great Circle:which: 7 pap 
through thoſe two points, and alſo divide: the circunt 
ference of the groen Circle intotwo equal parts.''( _ 


(Iii 


* 


Ta; 
Let the two paints-given be E and F. through 
eitherof which(as E draw the righrline D E.f6 m_ 
through the Centre atKzthendraw the right Line 
AC at right Angles toBD.,ſoſhall theCircle be divided 
into four equal parts,by the Lines AC and BD Agai 
draw the Line E A, and upon the point A. ere the 
Perpendicular A. G, cutting the Line BD { extend- 
ed) in G, and ſo haveyouthree Points E, F and G, 
through which, if you deſcribe a Circle(whoſe Cen- 
trewill beat H) it will paſs through the twogiven 
points E and F, and alſo divide the circumfcrence of 
- given Circle in two equal parts, in the points L 
M. | by; | yp. 6 


I. Upon the Plain of the Meridian, 
to projeF. the Spbere in Plano, ſuta- 
ble to the reſolution of divers" A- 
SRONOMICAL Problems. 


Panozganon.: 


Let the Fundamental or Pfimitive Circle ZH NO, 
repreſent the Meridian. 
HO the Horizon, EY ; 
= the prime vertical, .or Azimuth of Eaſt or 
E Qthe EquinodQtial. 
P M the Axis of the World, or hour of fix. © 
DG K a Parallel of the Suns Declination being 20 d 


Northward. .... -_ . © > . 

Z SN" a Azinnth through Sthe place of 
queſtion. wad, 
R 2 ZCN 


MM * 


the Sun at the time of the 


' I Pe 
. ol . * - l Ro ""I- 4 #® 
" . : oe R 0 % my . of - b - 
: - © © 4 oo 4  # 4 7 
= - . ” p + \ : 
- Pd Y _ "I 


'ZC Nan "ws paſſing theoaz/1 hs Pb”. 
yy at 6h&ock. Us” 101 


ASFB a Parallel of the Sins Altirade being wt 
high 


ak Aferididn of Hour Circls, catingrhe Ht 
2btrat X the place of the' Siins Riſing 1.1 2682s 


EGF ax Carallel ofthe Suns Akitude atSin ofthe 
Cl ock. ” 


- GF/ theSuns Altitudewhen he is ava Faſt Welt 


P'SM A Meridianorhonr Ciftle paſting Uk 
FS the place yfche Sen at thee of the Q 
Of. 


S and Y the Ecliptick. fo Dis 
Z is the Zenith and Pole of the Horizon H Q 


andalibof all paglcixot Altitude. . 
«Pk5 NA Phe 3f the Wotd: 32k Pc of the 


# | # 


thr For; A Qand alfovs” the Thqpichs andother 
Paralials otdeclipation., » +. * 
the phce of the Jut at the time SEL Ques 


ſtion. 


ON 3% the poing in. efron riengs/ p3: riles wer 
© "3 


"77> 


TheMeridian 2% F it” 
OT Io _ i oF 


Haweocirs TOES YE T8! ) 1 
ima 4 
The Mendian-ZG.N. : 


190616% 3 2 90 
- . Thysfore tes nanfot 
. the nts ptogery Sb 
Fs 20 29117 9f © 10S 


% 


'the Meridian.” and crofsarat-right A 


1 tho 

c entre c deſcribe &s Circle ZH kN 0 re os 1 
ngles in the Cen. 
tre C, with the: . ome tia prime Vertical, and 
H O the Honzon. 

Secondly; Take 51 d. 30 m. the Latirudeof the 
place, from the Line of Chords, and ſef. from O, 
to P, from HtoM) from ZtoE, and fibm Nto: Q 
and draw the Line P M for the "Axis of the World 
or Hour-line of Six, and EQ. for the Equigottial Cir- 
cle. The points ®.Aand/vpare_ 23/4." go. m, {the 
Suns greateſt declination.) diſtant from the two 


EcuinoCtial points E and n__ the Line S yy 1s the 


Ecliptick.': © | 
Thirdly. for rhlecdeſerib of wu parallel of the 
Ks whioh is! 26:d.Out -- 


Suns courle of dectinaters, D! 

of the Scale” ofhalts ried ef des: and 
that diſtance thaltreich flom C to& And for 't Com: 
treofthis parallel, xake the Secant df70/ d; (the corti- 


ptement-of 204; Jand fx ir rom-Gupor- theo Hine C P 
extvrided amd than full ibethe.'Cenrre'gf Scrwiteyt 
DORA AOrits? of 26 J6eHomn'Gupon 
theline l P oye nn give the Centre of 
of ther the md vianner) may; the 
JOAN O Aa yy 'Bbe deſcribed 4 if out of 
theScale of half Tangentsyou take 4od.the Suns Alti- 
gen ena i6 $@F;'iÞ ſhattgirve the PonitF for 


ty en ember, maſt$a&,and rhe 
Centre may' be CO (on ited, 
need) Pore 


$Ahirade £4 4: _ 
#. the 
rr: ar fel Famgono li 


enerc's 

Re EN 
Venre ofthe Parallel A F B ; =o' Op thee '9ctant >= 
_ ! 50d , 


- 
ha p, 
| 4, 


Iu p 


50 d.will reach from, C to-the'Centre'of the ſame Pa- 
rallel. iS is | 
Fourthly, for the deſcribing: of the- Meridians' and 
Azimuth Circles,-you have 3'points given whereby to 
deſcribe each ofthem: As 


ZSN | , 21:3 io 
ZL.GN C for the two Azimuth Cirdeg 
PSM | 
PXM 


and F for the three Hour Circles. 
PFM | 


All whoſe Centres will be found by their” Tan- 
gents and Secants Complements as before. ry 
Now by the interſetions of theſe Circles: of the 
Sphere, aredeſcribed Spherical Triengles As - + 
ZPS, PX O, PX G,&c,;The tides and Angles 
whereof may be meaſuredasT have ſhewed in my 6th 
GeometricalExerciſe,performing the ſame by other meants 
than there is preſcribed,and ſhal )in this place ſay ſome- 
thing in reference thereunto-But firſt I-muſt-ſhew you 


How to find the Pole of any Great Circle. 


The Pole of every greet Circle;is g diſtant f vs its 
Periferie, Wherefore, if you __ of ok of 
halt Tangents the Complerhent of the great Circles 
rm _ rr of the Primitive Circle, ta- 

cn upon 4 Linc atright Angles to that great Cirele,it 
frall give. yOu. upan | 'thatLine, the point. of thePole 
of that great Circle : 4 1. 1-111” 1 nh) 
| Ex- 


*%% 


Panozganon. 
the Azimuth Circle Z $N; 


T - Az\imathZS a YA And fo 


The Pole of 


PXM V 
ZGN ] 
Now in this projection 
CX is the Suns Amplitude from ?} (d.- m. 
the Eaſt or Weſt, ——- | 33, 20 
KO biy Ampligls, far th. 17 cy = | _- 
{4 4/1: (5390 49 
CE : Sins Allende when he, Re 6 F |; | 
is due Eaſt og Weſt, ——-.. 25-55 
- JR Kobe hom | 13952 52 
E is the hour from Noon.-— Fg: 50; 08 
CA the Suns. Azimuth from, | ſurd 
"the'Eaſt or "Welt. —_—— the ſcale of | 1g. 38 
a Hhis Azimuth fromthe South > 570. 22 
C cis the hour that the Sun | ents, will | 
is due Eaſt or weſt = be found | 16 50 
_ Ce is the hour ofche SuarRi- { m,'0 1 
 fing'or ſetring from fx. — {_eS? [a?."bo 
CG the Yins declination-—- 1-9} \- +: 29. oo 
GP is the Funs diſtance from '} 
the Pole. : p—_ Fn *. 
tm G' isthe Suns Altitude atfix- | 


Cmisth 


& JUns Azimuth from | 
the\No!; 


at fix a Clock--- 


b M isat the Point- 


I 27 


ired to find the Pole of 
his Azimuth Circle being 
diſtant from the Centre/19.d. 38m.takethe 
ment thereof 70 d. 22 m.cut of the ſcale of half Tan- 
gents,andiit hal |, reach from CtoW the Pole ofthe 


le- * 


T 
Y 


128: 1 |  Pangzganans. 


_ is the. Litinado) 1 1 < 'X N oe n | RE. Wh, 
"PZ the cdmplement ofthe Lac'o>. {3 mm TRe 
- tftAdes ie rr re rr rr" 0 35. 
(Kor E D the&wns mam MY : 

HON, —— —--- ca bmek |, 130. Do 


Qs. or Q)Y the greateſ(7 


5&- jk ordsls 30 
dec in. at ——_ w1 nn. - 

H D the Meridian Altitude, -- x4 Te 

B ©O the guils Altitude at th $7. 

TOE: Mae" riweoY7 


queltion. 
2 a $i the$uns Altitiide; >. fiizy be ih ga 


ated; © | nan 
| ©; ae to W thePoebthe Eird27's 
Oo 


lit cutthe 
2 8 e- ay od.ofthe Nh ER 
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> Ca a Re ik Vic FRY 03 
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Prob; 1. 


Two þ I, differing * in Latitxde, to find their 
diſtance, 


1.Let Fand G be two places, lying bothuader row 
Meridian, and both on one {ide of the Equ 
viz. F intheLatitude of 46d. and Gin rep pears 
of 16 d. The Arithmerical way, is to ſubſtrac the 
lefler from thegreater, viz. 16 from 40, and the re- 
mainder 24 d, converted into miles (by allowing 
60 miles to one deg, )isthe diltance 1440 Miles. 
But to do this by the Proj oh 
Lay aRuler from Ithe Pole of the MetidianZ GM; 
to F, and; it will cut. the prieniciye Circle B, and tho 
Ruler laidfromT toF the Circle in f, the dis 
ſtance between B and f is- 24 d, as before. * ' 

2. But ifthe placeslying under the ſame Meridian 
be one on the ,' the ether on. the South fide 
- the EquatorzasS in the Latitude of 40 d.North.and 

R in theLatitude of 46d- South, theſe added toge- 
ther make 86d. which in Tiles 1s. $160the diſtance. 
But by the projetion 

A Ruler laid from W,; the' Pole of the Meridian 
LSRN: tothe points WY R, willcutrthe print: 
tive Circle in Aand, þ, and: the: degrees contained be- 
tween A and CER 86d. arbeſore. 
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——— Pano2ganon. 
- . Prob, 2 | 


Two Places differing only itt Longitude,,to find their 
diſtance. | 


- 1. If both the places lye under the EquinoGial,and 
ſo have-no Latitude, then the degrees contained be- 
tween the two places, converted tnto' miles, 1$thetr 
diſtance, But 117308 


: , 


2. If the two placeslye ir f6me other Parallel be- 
tween the EquinoGialandane of the Poles, as the 
two places A and $, bothinthe Latitude of 40 dyand 
differing in Longitude70 d.55 m, then imaginea great 
Circle to be drawn (by the propoſition/ at the be- 

- ginning ofthis Secion)to pals throngh'the two pounts. 
A and S, whoſe Pole will be at 'O, -then' ther will 
be. made a- Spherical Triangle'Z A'S; which Trian- 
gle. may berefolved by this proportion. ! 
»;Asthe Radius god: L O09, 0 G& 24 TOBGT a, 
i5to the Co-Smmeofthe- given Latmude 50d,” / 

SO ” the. Sine of half thedifferenceof Longitude; 

35 d- 1I mM, | Im ©t 


[To the Sine of half the diſtance.) | i 1 17 
* Which Triangle'being reſdlved,the diſtance will 
——_— to be22 do2gmiwhich in miles is 3144 ales 
do; af bc: 


By the Projedtion 


Lay aRuler from 
A'S) to S, and 


O (the Pole ofthe great Circle 
it thallcut the primitive Circle in k 
| | "Tl 
f t 


Hanooganan. 2. 
(hall the diſtance A contain $2:d:2 and th 
@ all he Ae HE ICs 


vl cart! "es 


ern mn mm Oe Onan > ' 


Two places differing both inLongitude and Latitude 
to indi their diff ance. "P : | 


—_ 


J 


J 2837 * 


1 n this ProBtem there are gy varieties" ii job 


1, If one of the placeslye under the uinottial,and 
hare nd differ I; and the _ ve Latitude 
South,asR, an rin Longitu Foo HON. 'G 
tion ith finkibg th by Srey diſtance, 1s oY his Ne 
71 $7 


As the Gigs: 


to the Co-Sine Hp differenc oLoogiadk's I 2d 
$© rhe CoxSine ofthe Latitude of R. 44 d. 
tothe *Co-Smevf the diſtance. _w_ 


2, When the two places wiciod'gh one fide of the F- 


Pod 


in Longitude 


quinodtial, as, A'and OG, * 
and Gin 18 a 


go d. and Ain the Latitude of 40 


on is 
The Froporgo — 1 


As Radius god. 
Tothe 

$0 the Co-Tan 

**To Tis 


+ 32  Pando2ganon. 
| 'Whick being taken out/of the 'Oompitziicy 
of the greater Latirude,/the reniditer tit he 
a fifth Arch. Then fay 
As the Co-Sine of the 4th Arch , 
1s tothe -Co-Sme ofthe 5th Arch 


Sois the Sine of the leſſer petit 
to the Co-Sine of theUiFtance, 


3, But whenthetiwo laceediffraing th in Longi- 
tude and Latitude do lye one on the North, and 


the other on the South ſide of t uinoCtial,and 
differ alſo.in Longitude,as therwo ns GandR, 


The PPP 13 


As the Rad us <.- .. 


i5to Rags Co Sine of of i ll 7; TY 


So the Co-Tangent "of one 
| tothe Tangent of a RE 

"Which being. taken out of the bx He 

90 Q. being added, to it, the .remaingr guſt 

be a fifth Arch. Then ſay, 

As the Co-Sine of the 4th Arch,, 0 

tothe Co-Sine of the. 5th Arch, 


So is the Sine of the titude-firſt EA 
_ tothe Co-Sine oft mic ke 
Upon the Projettion, 


Aches ofgye great Circles defcribed. 
by Places grven (un. any Us \ ar 
* Cirsles i ad, _ diltan 


in the two ſrt Problems, and azThave mote 
thewed in my Eight Geometrical Buerciſe; 


HIL. To projett. the Spliere in Plano, 
»pon the Plain ofthe Horizon, ſuta- 
ble to the ſolution of ſeveral Pro- 


atlacge 


Firſt , Let; the primitive Cirele repreſent the 
Hottzon , which divide jato [four equal parts. by 
the two diameters W E the Azumnuth: of and 
Weſt, or the EquinoCtial Colure, and N $ 
the | Meridjan'\y ';a0d;:f© Thall; the four points 
N, -W, S, 'E, preſenting the four Cardinal points - 
of the Horizon, / Eaſt, Welt, North, 'and South, cral- 

each otharijn_ the 'centreZ, repreſcntivg the 
Zenith of, the. place« | 903. a6 a5 biz 21 


x Ven o:.\ 03 $ not VEE hy MAB, | 

Secondly,For that the Pole of the World is diftant 
from the Zenith, o the complement of theLati- 
tude of the place;take therefore,the. Co-latitude323 d. 
30m.out oftheLineof halt Tangenegandſct it upan 
the Mendiaw/NSfvem Z to Þ, foihallP be the North 
Pole of the. Workd; andthe Circle./W-P E the prime 
Vertical: Circle, or Hour Line of fix, whole Centre 
may be-found by taking'the Secant of 51 d...30m 
(the comolement: of Z PYand: it: fromP toF, 
orthe Dangene by tel NT RR mg:it from'Z 
to F, either of which wilt'give: the Poine F' for the 
Thirdly, 


Centre of W E, 


" "EY dt 
aF33 # 


es ough the points Bra arigh 

at right Angles to-N:;S,atthe LmeF, Go Hl, &e 
on both fides of F; and then making the Line F Þ 
Radius, or the Tarhe of 45 - £m the 
Taree at, of 1.5... 2nd "be the Genre” of t ur 
Circles of 's ha 7\ 4 FH ſhall be the ad of 
30 d, and-hethe Centre; ofthe Hour" Circle: of 4. 
and 2 ; F I thall be the Tangentof 45 d. cqual to 
PF, and be the' Centre for the Hotr Circles of 2, 
andg3 and ypon the Line F I (being, farther ex- 
tended on both ſides F,) if you ſet the Tangent 
of 60 d. from F on both fides, it ſhall grve the 
Centres tor the Hour' Cireles of'+ and 103 and the 
Tangent of 75 ſhall give the Centres for the Hour 


Circles of-x and IT. 
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-''Fourthly, For the Equino@ial W 3B'E;-afd the 
two Tropicks,'S and\-,they may be thus” inſerted, 
For that the ' Equino@ial. Circle W AE «is diſtant 
from the Zenith Ito the Latitude, take there- 
fore 51d. 30m. the Latitude frotw-the Ling) ofhalf 
Tangents, and ſet it from Z to ZX, fo ſhall X bethe 
point of the mtefſe ion ofthe Meridian \ndZEqua- 
cor; and for the'Centrethereof;/the Secanrt of 384d. 
30m. ſet from/Z, or the Tangent of 28 'd.i20 m; 
let from : 21, ſhall eirher of them/give the point M; 
the Centre ofthe -EquinoQial Circle /WA E<—— 
[Fhen- for the (Tropicks of iCarerand'Capritorr, 4 
ther of which are diſtant !fromthe Aquator'23'deg/ 
30 m.. on eitherfide ,, add:23d.:30 m.. to 51d; 30 
ms the Sun 18734; which takew our of theScale of / 
-ait-Tangents; ſhall reacls from 7D to' 7 ;and (o ſhall 
+ beitlie point oÞ invexſettion of the Tropick” of 
| "7*:Cas- 


Panozganon. tos 
Capricorn with the Meridian. ——-#n like mavner, 
ſubſtrat'23 45030! mir: from! 53214d,; - an.and the 
remainer 1s 28:d,/ - which'taken' out -of the Scale of 
half Tangents;/ ſhalt reach from Z'to Szthe--paint of 
the interſeftion of the-Meridian and Tropick of Can+ 
cer. --The Centres | of theſe: Tropicks. may be 
found as was thatof the: Aquators for. the"Fangent 
of 28d. ſet from Z will give the point L, for the 
Gentre of the Tropick of Cancers andthe Tangent 
of 75 d. ſet from Zihall give the Centre of the Tro- 
pick of Capricary, | ghort 2; 
The Ectiptick -may be drawn -thrqugh the points 
Ws E and 'Wyy Bas-was the Aquator; and. Circles 
of Alttude (which are parallel Circles drawn upon 
the-Centre 7) and Azimuths, which are right lines 
drawn alſo from the Centre Z may-be deſeribed, And 
{0-15 this projectionialle fitted for! reſolving all the 
propoſitions ofthe Sphere in referxcace-tq tus Hoy 
rizon 3 but of them Ithall ſay nothing here, bit ſhew 
how to apply this.projecion- toDyalhing, - | 
Upon this fundamental Diogram,may any Dial pain, 
be Jeſctibed, \\bethet direct, declining, rechning.or 
both decliningant reclining, c/andtherwe hour d1- 
ſtances of (uch aPlainybe fouudupon: the projection it 
ſelf: Far 012102 1-hig ho: 1! wWn7 1 
:%0 CoFor a Horizonta] , ial; 13 


; £ 
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The primitive Circle it ſelfis an Horizontal plain., 


_ © "and ſoa Ruler laid from! the pole of the plaintorthe 


ſeveral points wherethe. Hour Circlescut. the plain, 
ſhall give. the true Hour diſtancesypon;fuch3 Pins 


'oAs a Ruler laid from 2 to 11 cut oft S 11, 
which 


136- PAN092gAanon. | 
which is v1 d. 56 m. and ſo many d.muſt the How 
Line: of gt&be from the Hour Line of 31 on an Ho- 
rizontalplainin the Latitude. ' A Ruler Jaid from Z 
to 1c. ſhall 'cut off 24d; rg m; the diſtance of 19 a _ 
Clock from12. And ſoofalbthereſt.: 

For the height of the Stile of the Dial, it is Z X, 
the half Tangent of 51 d. 30 m. ' | 


2. A Dire& Erctt South plain. 


This plain is repreſented by the right Line W ZE, 
the Poleof which Circle is at N. Wherefore a Ruler 
laid to N,andto rhe point H,where the ſeveral Hour 
Cucles 1,2, 3; cut the Le (or gow )WZE, 
that Ruler ſhall upon the circumference of the 
primitive Circle, cutfuch degrees asare thetruchour 
diſtances upen facha/plam; :_ - -: W1tl7 

The height ofthe Stile of this Dial is the half Tan- 
gent of P38d;30m; © 1 7 1 


3. An Fre&t Declining Plain. 


*«Such a plain isrepreſented by the Line AZ B, de- 
chning frorti theSouth caſtward; the-quantiry of rhe 
Arch BE30d.thePole of which plain is at Rzwherefore 
a Ruler laid toR,and thepoints where theſeveral hour 
Circles cat theplain ſhall upon thelimb of the primi- 
=_ Crrele give the true hour diſtance $ upon the 
platn'. ITO: 17 Os is 8D I vifimins 514 
The diſtahce ofthe fubſtilefrom the Meridian of 
ſuch a plain,'ts whert a/grear Circle nm 
Rithe Pole of the 'plain,and Pthe Pote Or 
5 ;Q 7] Nr 14 ©O7 c-:; IG: win þ 
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doth interſe& the plain and is meaſured by the halt 
Tangents from Z, 4 : 

The heightofthe Stile or Pole above ſuch a plain 
is the quantity of that part ofthe Arch of that great- 
Circle which 1s comprehended between P the Pole, 
and the place where the great Circle cuts the plain, 


4. Ot-North and South Kecliners, 


The Circle W AE repreſents a South plain reclining 
51 d. 30m. the Pole whereof is Þ the Pole of the 
World ; to which point P, if youlay a Ruler, and to 
the ſeveral interſections where the {ſeveral Hour Cjr-. 
cles cut the plain, they ſhall give the true Hour of 
diſtances upon the plain. 

The height ofthe Stile above this plain is the half 
Tangent of Z Pand Z M, which added, make 9go,d, 
wheretfore a {treight wyre .crected 1n the Centreis 
ſufficient and all the Hour diſtances upon the plain 
will be equal, viz. each of them 15 d. 


5. Of Declining, Reclining plains. 


Let it be; required to deſcribe /upon- this projedti- 
on, a plaintodecline from the South Eaſtward 30 d. 
and to recline 554, | _ 

t. Set 30d. ( the declination) from EtoB, and 
draw . the Line BZA, and at right Angles thereunto 
theLineRZK.. 

2. Out of the half Tangent Scale, take 55 d. (the 
Reclination) and ſet it fromZtoC, and, draw the 
Circle A C:B, whoſe Centre will beat K, the Secant 
of 25 d; ſet from C, or = Tangent..thercoftet . 4 


Z, And the half Tangent of 35 (the complementof 
the Reclination) being ſet from Z, wry the point 
©for the Pole of the reclining plain A C Band agreat 
Circle drawn through P the Pole of the world, and © 
the Pole of the plain, ſhal! be the-plains difference 
of Longitude, and this Circle 1s repreſented by the 
pricked Circle, near to the Eleven a Clock Hour 
Circle,namely, the Circle: # Þ ©# whote Pole is at V, 


2. For the Hour diſtances upon the plain. 

A Ruler laid at the Pole ofthe plain, tothe (e- 
veralinterſe&ions-ofthe Hour Circles, witli 'the dedii- 
ning reclining plain, fhall give upon the Limb of the 
primitive Circle , the” Hour diſtances the upon Plain 
from the Meridian of the place;or 12 a Clock. 

Then to/find the other Requiſites belonging tothis 
Plain, As 84 21 "2% 

rt. The Diſtance of the Meridian and the Hori- 
zon L B,— A'Ruler laid from o to L, ſhall cut the 
Circle in a, ſo B abeing meaſured upon the Chords 


ſhall give 64 d. 41m. t or the diſtance of the Meridian 
and Horizon. 


2, The height ofthe Pole above the plain PX. A Ru- 
ſer laid from V(the Pole of x Þ © +)to P ſhall cit the 
primitive Circlein c,and laid'from Veo X ſhall cut it 

« me;fo the diſtance c e being 19 d.25 m,is the height 
of the Pole Or Stile above the plain, _ 
3. The diſtance ofthe Subſtile and Meridjan,'X L. 
A Ruler laid from © (thePole of the reclini plain )to 
L, ſhall cut theprimitive Circle in a; and Tid from 
© to X ſhall cut it in f,the- diſtance a fbeinp 6d; 22 m. 
thediftance isofthe Subſtile from the Meridian. 

4 'The phins difference of Longitude L P X. A 

| Ruler 
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Ruler laid from Pt6n ſhall cat the primitive Cirde 
inq, and the diftatice'S'q 17 4.38mi the quant- 
ty of the Angle LPR, which is the plains" difference 
of Longitude. £'s . F -02% 
And thus have youall the requiſites beſonging to all 
forts of Dials, and the trne Hour diſtances upon. 
thoſe plains all detfuced from the prajetion it 
 felf. the Circles whereof by their interſe&tions 
make ſeveral Spherical Triangles, all which by the 
28 Cates of Spherical Triangles may be found 
"according: tothoſe:Canons which T have delive- 
'red, tyrthe fmding of the Kequiſtes in all Dzals 
in my Book of Dialling mthe Arithmetical part 


thereof. * 


 SECT-IX. 


Shewing the uſe of the Line-of Secants, 
in deſcribing a Sea Chartaccordi ng 
to Mercato | v6L770! * "EN 

Dt \ 3 y 


Y help of this Line may A be made,cither 
'general, for all Latitudes(e very near the 
Poles) or elſe particular,for ſome delfgged Nayigati- 


On. = 

Thas if you would make a General Sea Chart, fo 

that the diſtance'of every degree of Longitude ſhould 

be oneinch( for the parallelsof Longitude in tl 
Ion are alwayes equal) Take one inch in 2 our 


EL, 


itude in this pro- + , 
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Compalles. and. ſetting onefootia. go d., of the ny 
oro0d. of the Secants '( whictvis the ſame point) the' 
Thred there reſting, the neareſt diſtance between ig 
d. and the Thred ſhall be the diſtance of the parallel 

of 10d. fromghe Equ inottial; and the neareſtdiltance+ 
between 11 d.and tae thred ſhall be the diſtance be- 

tween r0and 11 uponthe Chart. But if a little more 

exactneſs ſhall be required,in(tead of 10 d. take gi d. 

for 11 take 10! Oc. alwayes halt a deg, leſs than the 

deg. you are to1nſert. And thus may, be made, a Sea- 

Chart, andit being made all ſuch conclufionsinNavi- 

gation which concern Longitude, Latitude,Rumb and 

diſtance, may be wrought asThave ſhewed in part in 

my Geometrical exerciſes, 


- 
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CoNnTaining....- 


| are inſcribed upon the: Quadrant 


TheHesof thoſtLines'6rScales high 
2c 


The 4A R G UMENT. - 


pon tfe Quadrayftal part, yamely, i 


fart the Limb of t 


| therefore needs not here gin to be recigfe! 3 and the r4 
ther, becanſe the Names of Wgher (7; oft ) of them, are 
aduated by them. upon the 1 nt it ſelf. 

RR 4 


TItherto we have treated of the Uſes of thoſe] 
cales which are inſcribed upon the Sides 
or Wings of the Inſtrument : We now! 
come to wer Fethog ith are inſcribed 


Quadrant, which ft comprehenfled beiweefthe Wings 
Inſtrument. The Dfſcription 9 
the Lines, what they Fre, and the manner pw to diſpaſe 
them, hath been alreKy declared in the Feſcription of 
the Inſtrument, at the Kginning of the Egrit Part 3 214 


\ wy : 
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The Utes that I fall fiſt jnfilt upon; att 
ASTRONOMICAL, and ſuch'as concern the firſt Mo- 
tions or Courſes of the 8» and Stars; whichare the 
principal uſes to which the ial Globe, and other 
Spherical Inftruments, as Planiſpheres, Quadrants, &c, 
areſubſervient to. 

Now becauſe it is neceſfary to the reſolution of 
ſuch Aſtronomical Problemec,. to have the true Place 


and Declination 'of the Sun atany time.given "—_ 
things the Inſtrument it ſelf will Day of 
Moneth being only known; but not with ſ = 
neſs (in reſpect delhi 1 ed) han 

at all timesof the Year, 

therefore, in the Frontof this Part, 


ſhewing the Place and prone age 


Day in the Year: The uſe wheredt, 
the Tables, 


£ 
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P2oblemes Altronomical : 
PERFORMED 


By the SCALES upon the Quadran- 
talpartof the INSTRUMENT. 


———— 


In—_ 
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I, Of the two Curved Scales of Moneths. 


pI 
— — 


Prob. 1. 


Any Day of the Tear being given, to find what otherDay of 
the Tear is of the ſame length therewith, : 


BESET -it be required to find what day of 
© the Year pof'e ual length with the 18th 
SY of 0&ober. Lay the thred to the 18th. da 

ITY of 0Zober in the lower Curve; then will F 

== the thred cut the uppernioſt Curve on , 

"the third day of February, which day 15 £ 

neareſt of the ſame length with the 18h, of 00- 

ber 3 So ſhall you find the * actors 3o $1 F 


s Ptoblemes Aſtronomical, 
x of March \ tobe near of e-f 21 of September, 
12 of Auguſt > qual length with 10 of April. 
1 of May J} the 22 of Jah. 


And ſo of any other day of the Year. 


II. Of the Zodiack, 
Prob. 2. 


The Day of the Moneth being given to find the 
Suns place in the Todiack. 


LY the thred to the day of the Moneth,and it will 


ew you in the Ecliptick the place of the Sun. 
Let the day given bethe 16th. of April, the thred 
laid to the 16th. of April, will cut the Zodiack, in 6. 
deg. 29 min, of 5 Taxyxs, in which Sign and Degree 
the Sun 1s upon the 16th. of April. 

Note , That if you find the day of the Moneth mn 
the upper Curve of Moneths, the Sun is inthoſe 
Signes that are Charattered upon the upper part 

the Zodiack, But if you fa the day of the 

Moneth in the lower Curve, then the Sun is in 

ow” Signs that are Charactered under the Ze 
I4CR, | 


So ſhall you find that on 
the 12 of Jannary 2 deg.z58 m. of =, 


the 26 of April (the Sun will J16 deg. 9 m. of v: 


the x of September( be in r8d. 47 m..of 
the 18 of 0Fober 5 d. 15 m. of 


Prob. 


- 


The Place of the Sur being given fo find the day f 
the Moneth, | 


LY the Thred to the Suns place in the Zodiack, 
and it will cut the day of the Monetheither in the 
upper or under Curve. 

So the Sun being in 18 deg, of =, the Thred laid 
thereto, will cut "the x of OFober in theunder Curve, 
which is the day of the Moneth. Alſo the Sun being in 13 
d. 15 m. of x, it will cut the uppermoſt Curve in the 
23 of April, which is the day of the Moneth. 

For, If the Character of the Suns place be found 


under the Zodiack-Line:, the day of the Maneth caukon 


is in the undermoſt Circlez- but if the Charadter 
of the Sign be above the Line, then the day of 
the Moneth is inthe uppermoſt Circle of Moneths: 


al. — ee t———_—_—_—___—_ 


IH, Of 'the Arch of Declination. 


—_— 
— 
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_ Prob. 4. 


The day of the Moneth being given, #0 find t he Fun 


Declination. 


Ay the Thred to the day of the Moneth, and it will 
cut the Line of Deco (or the degrees of the 
Bb 2 equal 


4 PoblemeB/Aſtzonomnical, 
equal Limb counted from either ſide of 60d.) in the 
Declination required. | : | 

So the day of the Moneth being the 6th. of 14a, 
the Thred laid thereto,will cut the Line of Declination, 
(or the Limb from 60) in 19d. 20m. which is the De- 
clination of the Sun - Northward upon: the 6th, of 
May. 


Prob. 5. 
The Suns Declination being given, to 'find the day 
of the Moneth, 


Lo the Thred:to the Suns Declination in the Line of 
HI Declination,and-it will cut the day of the Moneth 
both inthe nu pper and lower Cutve. 

So the Suns Declination being 8 deg. South, the 
thred laid thereto, will cut the 16th; day of February, 
inthe uppermoſt Curve; and the 3d. of 0Fober in the 
lower Curve, on either of which dayes the Sun hath 
about 3 deg; of South Declination. ' 

And here. note, alfo, that if the Thred beiag laid to 


Sz © gg 


avian the day of the Moneth,” do fall on the right hand of 
[uti 60 deg. the Sun hath North Declination; but if it 


fall on the left hand of 65; \the Sun hath South De- 
chnation, | | 


IA 


Prob. 


# ? . _—— : 
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P2oblemes Aftronomicat. 
Prob. 6. 


The Suns, place in the Ecliptick being given, to find 
bis Declination. 


Ky the Thred to the Suns place in the Zodiach, and: 
it will cut the Line of Declination in the point re- 
uired. | | 
Sothe Sun being in 1 deg. of &, the Thred laid there- 
to, will cut the Line of Declination in 11 deg: 52 m. 
of North Declination, and ſuch Declination hath the 
Sun when he 1s mn the-firſt deg. of Taurus, - 


— 
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IV. Of the Limb of the Quadrant. 
Prob. 7. 


How to take the Suns Altitude by the Quadrant , as 
alſo the Altitude of the Moon or Stars, 


Ecauſe moſt of the Propoſitions following require 
the Suns Alrit. to be given, it will be neceſlary here 
toſhew the manner how totakeit at any time by the 
#adrant, the Sun ſhining. > PR 
the edgeof your Pxadrant are twooights Ior 
this purpoſe Take the pls in both your hands, 
laying your right hand ſomewhat near that fide that 
hath the $i and your left hand towards the other 
de, by which means you may let it {lip lower, Or 


miſe ichigher, as occaſion requiresz then turning on 


6 P2oblemes Aſtronomical. 
left ſide of your Body to the Sun, hold the' Qua- 
drant in both your hands, as is before directed, and 
move it up and down in your hand till the Sun ſhi- 
ning through that Sight which 1s next the Center of 
the 9nuadrant, do calt his Ray or Beam of Lightup- 
on the Hole of the other Sight, at which inſtantlook 
in the Limb of the @xadrant, what degreeand party 
of a degreethe Thred reſteth upon; for ————_ 
are the degrees of the Suns Altitude. Thus for taki 
the Suns Altitude z but for the Moon or Stars you m 
hold the 9nadrart i both your hands, as before, and 
look through both the Sights, till you eſpte the Moon 
or Star , whoſe Altitude you -require, which when 
you have found, looke what degrees the thred cuts in 
the Limbof the @nadrant; for thoſe degrees are the 
Altitude of the Moon or Star you look art. 

Likewiſe in the taking of Altitudes of Buildin 
&-c. you muſt look through the Sights till you {ce 


(through them) the top of the Obje& whoſe height you 
would know. 


a 


tt 
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V. Of the Hoxre or Azimuth Scales. 
Prob. 8. 


" TO find the Hour and Minute of the Suns Riſing and 
Setting, with the length of the Day and Night. 


Ay the Thred tothe day of the Moneth, eitherin 
a4 the upper orunder Curve,ſo ſhall it cutthe Scale of 
Hoursin your reſpe@iveLatitude; upon the juſt Hour 
and minute of the Suns Riſing and Setting. S0 


P2oblemes Altronomical. ” 

So the day of the Moneth given,” being the 14h. 
of April, the Thred laid thibets will cut -* fon of 
Hours exa&ly.1n the point marked with 7, V, ſhewing 
that the Sun riſeth juſt at five a Clock in the Mor-- 
ning, as appears by V, and fets at ſeven a Clock at 
night, as the Figure 7 repreſenteth, 

Likewiſe, the Thred Jaid to the 8:4. day of Novem- 
ber, the Thred will cut the Hour-Scale at 45 min. paſt 
ſeven a Clock for the Sun-riſing, and at 4 a Clock and 
15 min. for the Sun-ſetring. 


If you double the Hours and Minites of the Suns- 
riſing, you have the length of the Night, 'and the 
Hours aud Minutes of the Suns Setting doubled, 
give the lengrhof the Day. 


So on the former 8th. of November, the Sun riſeth 
at 7 hours 45 min. which doubled, makes 15 hours, 
30 min. for the length of the night. And the Sun ſets 
at 4 hours 15 min. which coi YEE, makes8 ho. 
30min. for the length of the Day. 


eo 


Prob. 9. 


The Suns place in the Zodiack being given, to find 
the Amplitude of the Suns R iſing or Setting. © 


He Amplitude of the Suns Riſing or Setting isthe- 

diſtance that the Sun riſeth or ſetteth from the true 

Eaſt or Weſt Points of the Horizon towards cither: 
North or South. To find this Amplitude | 

Set one foot of your Compalles in the Point ws 


Fg 


8 


Zodiack marked with Y and =, extend theothertothe 
Suns place inthe ſame Zodiack, apply this diſtance of 
the Compaſlles to- the Az7-mth-Scale, appropriate ta 
the Latitudein which you are, by ſetting one Foot in 
go deg. and turning the other towards the right hand 
in Summer, and towards the left in Winter, ſofhall the 
other Foot of the Compalles relt upon the __ of 
Amplitude from the Eaſt or Weſt, if you reckon the 
degrees included between go and the other foot of the 
Compalles; orel(e it gives you the Amplitude from 
the South if you reckon the degrees as they are num- 
bred from the beginning of the Line. 

So the Sun being inthe 1 deg. of ® ; take with your 
Compalles the diſtance from Y or = to one degree of = 
out of the Zodiack; one foot of this diſtance being ſet 
from 90 in the Azimmth-Scale,the other being turned to- 
wards the lett hand(becauſe it 1s in Winter)will reſt u 
on 33d. 44 m. counted from go, . which is his Ampli- 
tude from the Eaſt or Welt, or upon 56 deg. 16 min. 
counted from the beginning of the Scale, which is the 
Amplitude from the South, becauſe the Sun is in a 
Southern Sign. 

In like manner, if the Sun had been in 4 deg. of 
1, the Amplitude would have been found to be 35 
deg. 36 min. from the Eaſt or Weſt; or, 35 deg. 
36 min. fromthe South, whichis 54 deg. 24 min. from 


the North, becauſe it is Summer, and the Sun is in a 
Nozthern Sign. F 


P2oblemes Altrononical. 
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Prob. 10, 
THE. Suns placein the Zodack- being given, to find 


the Declination another way, differing from that in 
the 4th, Probl. 


——_— _ —— 
Rn — 


df — ii M.A 


Ake with your Compaſlesthe diſtance from Y ora 
to the Sunsplace 1n the Zodzack, apply that di- 
ſtance to the Scale of the Suns Altitude, or Line of 
vines, from the beginning thereof, fo ſhall the other - 
foot ſhew the declination required, 

So the Sun being in 29 deg. of 5, this diſtance be- 
ing taken fromY or= out of the Zodieck, will reach 
fromthe beginning of the Line of the Suns Altitude, 
or Line of Sines, to 20 deg. and ſuch its the Suns de- 
clination Northward, becauſe the Sun is in a Northern 


vign, 


—_ 
» 


I 


— 
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Prob. 11. 
The Day of the Moxeth (or place of the Sun inthe Zodi- 


ack , or. biz: Dedlination ) being given, to find the 
Suns Altitude at all hours. 


His Propaſition is of fingular uſe in the making of 
- Inftrumpntal Dials, as EquinoGtial Rings, and 
Cylinder:Dials; as allo in the making Quadrants and 
et Inſtrriments that give the hour of the Day, by 
| C 


& 


Fd 
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Zodiack marked with Y and =,. extend theothertothe 
Suns place in the ſame Zodiack, apply this diſtance of 
the Compaſſes to the Azi-mth-Scale, appropriate to, 
the Latitudein which you are, by ſetting one Foot in 
godeg. and turning the other towards the right hand 
in Summer, and towards the left in Winter, ſothall the 
other Footof the Compaſles re{t upon the _ of 
Amplitude from the Eaſt or Weſt, if you reckon the 
degrees included between go and the other foot of the 
Compaſſes; orelſe it gives you the Amplitude from 
the South if you reckon the degrees as they are num- 
bred from the beginning of the Line. | 

So the Sun being in the 1 deg. of ® 3 take with your 
Compalles the diſtance from Y or = to one degree of = 
out of the Zodiack; one foot of this diſtance being ſet 
from go in the Azzmmth-Scale,the other being turned to- 
wards the left hand(becaulſle it is in Winter)will reſtu 
on 33d. 44 m. counted from go, . which is his Ampli- 
tude from the Eaſt or Welt, or upon 56 deg. 16 min. 
counted from the beginning of the Scale, which is the 
Amplitude from the South, becauſe the Sun is in a 
Southern Sign. 

In hke manner, if the Sun had been in 4 deg. of 
1, the Amplitude would have been found to be 35 
deg. 36 min. from the Eaſt or Weſt; or. 35 deg. 
36 min. fromthe South, whichis 54. deg. 24 min. from 


the North, becauſe it is Summer, and the Sun is in a 
Nozthern Sign. F 


) , ; Prob, 
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Prob. 
THE: Suns place in the Zodmck being given, to find 


the Declination another way, differing from that in 
the 4th, Probl. 


IO, 


Ake with your Compaſſes the diſtance from Y or = 
to the Suns place in the Zodiack, apply that di- 
ſtance to the Scale of the Suns Altitude, or Line of 
vines, from the beginning thereof, fo ſhall the other 
foot ſhew the declination required, 
$0 the Sun being in 29 deg. of 5, this diſtance be- 
ing taken from Y or= out of the Zodieck, will reach 
fromthe beginning of the Line of the Suns Altitude, 
or Line of Sines, to 20 deg. and ſuch is the Suns de- 
clination Northward, becauſe the Sun is in a Northern 


Sign 


_— co 
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Prob. 11. 


The Day of the Mozeth (or place of the Sun inthe Zodi- 
ack, or bir « Dedlination ) being given, to find the 
Suns Altitude at all hours. 


id 


 Inftrumpntal Dials, as Equinodtial Rings,, and 
plinder:Dials, as alſo in the making Quadrants and 
be Inſtruments that give the hour of the Day, by 
_ . 


T HixPropoſirionis of ſingular uſe in the making of 
C 


C 


ze Pzoblemes'Aſtronomical, 

the Altitude of the Sun. It is alſo of ſpecial uſe in 
putting into all ſorts of reflex Dials and others, the 
Signes of the Zodiack, the Parallels of the length of 
the Day. and other kind of Furniture for the adorn- 
ing and beautifying of large Plains, of which, I ſhall 
have occaſion to diſcourſe more at large in. another 
place. The Propoſition is thus to be performed: 

Lay the Thred to the Day of the Moneth upon 
which you deſire to the know Altitude of the Sun at 
all hours; the thred there reſting,take with your Com- 
paſſes the leaft diſtance from each hour-point in the 
Scale of hours (anſwerableto the Latitude-defired) 
and meaſure thoſe diſtances upon the Line of the Suns 
Altitude, or Line of Sines, the number of degreesand 
minuteswhich the point of the Compaſles reſtupon , 
ſhall be the degrees and minutes of the Suns Altitude 
at that hour. 

Soin our Latitude of 51d. 30 m. If we wererequi- 
red to find what Altitude the Sun ſhall have at atl hours 
upon the x2 of Auguſt, at which time the Sun is in the 
bognoing of Virgo : Lay the Thred tothe 12 of Avg, 
Or _ Virgo, and keep it there 3-then,” — 

Firſt, Take with your C palles the diſtance from 
XII in the Hour-Scale to the Phred, and apply this di- 
ſtance to the Scale of the Suns Altitude, or Line of 
Sines, 1t-wiltreach from the-beginning thereof to'50.d. 
and fuch is the Altitude of the Sutat 12 of the 
upon the 12 of Auguſt, . 


Secondly, Take the leaſt diſtance from XI and 1 4 
Clock inthe Hour-Scale tothe Fhred, this diſtance ap 
plied tothe Line of Sines, or Scale of the Suns Alt- 
tude, gives49 d. 12:m. for the Suns: Altitude at Ele 
ven.or.Qneof the Clock onthe ſaid 12 of Angaſt, -» 


Do thelike for all the 
youſball find - 


X or 


VII or 
VI or 


IX or 3 
the Suns Alt, atzx VIII or 4. 


2 


3 
6 


P2oblemes Altronomical, > £2 
other hours of that day, and 


By this Rule you may make Tables for the Suns Al- 
rude atall hours of the day, for any day of the year, 
or for any degree of the Sun in the Zodiack, or for any 
degree of the Suns Declination ;- of one of which, I 
have here given you an Example, which is 


A Table ſbewing what Altitude the Sun ſball 
bave at every a of the day, the Sun being 
inthe beginning of each Sign,in Latitude 5 19, 


Zo mm, 
Morn. hour Xl E | x ,vm[vilwvi] y | oy | 
Afern, hou BW | x | | 3 | C9 6 7 £ 
m— —— ——_ — 
S 62 T 423 45145 4226 4197 1718 11g ga) 2 3 
LA 8 4256 3450 5543 634 234 55115 49,6 50 
& Ik  &o os wh LS hda-d | | 
M 2708 718 89 r7 
I 5210s - 330 6 | 
a 9” |- | | | 
3015 36/ Th 
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12 Provlemes Alt;onomical; 


This Table is of good uſe for the making of fick 
Inſtrumental Dials as I mentioned in the beginning of 
this Prop. 


When the Sunis in the EquinoGial, there is no-need 
of the .Thred; for then yon need only take the di- 
ſtance from VI to every other hour, and apply thoſe 
diſtances to the Scale of right Sines, and thoſe Ex- 
tents there |meafired, ſhall-be the Suns -Altitude at 
thoſe refpettrve hours. 


Note, That whatſacver isin this Prop. {laid ooncern- 
ing whole hours, the hike is to be underſtood of 
_ partsof hours, as halves and quarters, &. 


CY OP TR 
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The Suns place or- declination being given, to find what 
Altitudehe ſhall have when he cometh ta be due Eaſt.00 


Weſt. 


Tae with your Compaſſes the diſtance from Aries 
to the Suns place in the Zodiack,, with this dt- 
[tance of the Compadles fet one foot 1-90-1n the: Az 
muth-Scale proper for your Latitude, then turning the 
other about, bring the Thred till it only touch the 
moveable point of the Compaties;: then count how-ma- 
ny degrees of the Quadrants .Limb are contained be- 


wween the 'Thred and 60\deg. For ſo many d $high 
ſhall the Sun be when heis ju parte Eaftox wel 


P0oMmts. . | = eV 
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$o the Sun having 20 deg. of Neclination, his place 
then being 1n-29. deg. of Tauxw, if you take with 
your Compaſſes the diſtance between Aries and 29 
deg. of 'Texrws out of the Zodiack,, and ſet one foot | 
of that extent in go on the Azimuth-Scale; if you 
turn the other foot about, and bring the Thred to 
touch the moveable point, the Thred will then cutthe 
Limb in 25 deg« 55 min. counted in the Limb of the 
Quadrant from 60 towards the left hand, - and ſach al- 
titude ſhall-the Sun have when he cometh to be-due 


Eaſt or Welt. | 


Prob. 13. 


The place of the Sun being given, to find. what Altitude 
he ſhall have upon any Aztmuth. . - | 


"His Pxopoſition is of good uſe for the framing of 

Tables for the ready making of Inſtruments that 
ſhew the Azizzuth of the Sun by the Altitude given, - 

the working whereof differeth little from the former 


Pro, + 

For, if youtake with your Compaſſes the diſtance 
from Aries to-the Suns place out of the Zodjack, and 
ſet one foot of "that diſtance-upon the Az7my 
proper for your Latitude (upon. that Azz 
which you require the Suns Altitude ) and 
Other about tl the Thred only touch the 
point , the Thred will cut in the Limb the Gegrens 
of the Suns Altitude uppn the, given Azimuth, if 


you count the Degrees trqm 60 inragtse)ck band 
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*+ Problemes Attonomical, 
. So if the Jun were in the beginning of Sagitaring, 
and it wererequired, to find what Altitude he ſhould] ... 
have when he ſhall be upon the 40 Azimmth fron 
the Meridian; if you take with your Compaſles the 
diſtance from Aries to Sacitarizs, and ſet one foot] 
thereof upon 40 degrees 1n the Azimuth-Scale , and 
\bring the Thred till it only touch the moveable poir 
f the Compaſles, you {hall find the Thred to reſt 
t 9 deg. 14 min. of the Quadrants Limb counted 
om 60, and ſuch is the Altitude of the Sun upor 
he 40th. Azimmth from the Meridian, when he 1s ir 
he beginning of Sagitarizs 3 and thelike for any othe 
JAzimuth , or any other place of the Sun in the Zod; 


ack, According to this Propoſition, it being of ſuch 
ingularuſe, I have framed 


Table ſhewing what Altitude the Sun ſhall have upo 


every Toth. Azimuth in the beginning of each Sign i 
Latitude 51 d. 30m. 


d. m. jd. m. {d. m. Jd. m. [d. m-. [d. my 
| ol58 4250 cBY 30j27 . 
Ig61 43159 24þ 


46 4034 34Þ2 27 
43 55131 21]8 49] 
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Scales proper for your Latitude, move it gently along 
|_ only tc 


In working of this Prop. by the Quadrant, when| 
he Sun is in the EquinoGhal, there will be no need of 
he uſe of the Compaltes; for if you lay the Thred 

n any number of the degrees of the Azimuth in 
he Azin:itk-Scale, the Thred will cut the Limb of} 
he Quadrant 1a the degrecs of Altitude that the Sun 

all have upon that Az:zwth upon which the Thred|. 
ics, if you count the degrees of the Quadrants Limb 
from 60 towards the left hand. 


$$ VO UO R———_— OO II IO os eee 


Note, Inthe working of this Propoſition, that if the 
Sun be 1n a Northern Sign, and have Nerch- de- 
clination, the moveable point of the Compaſles, 
and the Thred muſt be kept and applied to-{ 
wards the left hand edge of the Quadrant, but 
when the. Sun 1s in South Signes, towards the 
right hand or right edge of the Quadrant. 


—CCINIES _ — 


Prob. 14. 


| The Smns Altitude , and his place in the ZTodiack being 


given, to find his Azimuth from the South. 


Ake with your Compaſles the diſtance from Aries 

to: the Suns place in the Zodiack, and lay the 
Fhred to the Suns Altitude, counted from 60 in th 

Limb of the Quadrant towards the left hand; then 

ſetting one foot of your Compalles upon the Azimut 


the ſame, till the other foot Deng turned about, may 
the Thred; fo the Compal 


TL 


45 -Py6blemes-/Aﬀerononical, 
reft juſt 'upon the' Azimuth from the South, 
So the Sun beitig in the third degree of Yireo, and 
his Altitude being 35 deg. ol > take the diſtance 
between Aries and Virgo, out of the Zodiack, and lay 
the Thred to 35 deg. the Suns Altitude (counted 
in the Quadrants Limb from 60 towardsthe left hand) 
and ſet onefoot of the Compaſtes'upon the Azimuth- 
Scale, and theremove it along (either backward or 
forward) till the other foot being turned about, do 
only touch the Thred; fo ſhall you find the foot of 
the Compaſles to reſt upon” the Azimnth-Scale at 60 
deg. 42 min. and that is the Suns Azimmrb, from the 
South , when he is in the beginning of Yzrgo,, and 
hath 35 deg. of Altitude. *Or if you count the de- 
grees from go to the place where the Compaſles do 
reſt, you ſhall find them tobe 29 deg. 18 min. which 
is the Suns Azimnth from either Eaft or Weſt, accor- 


ding to the time of the day in which you obſerved 
the Altitude, 


—— 
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2piboY +! 5 Prob. 15. 


The Suns place together with its Altitude, being. given, 
#9 find the hor of the Day. TY 

: \."y thethred-to the day of the Moneth, (or, to his 
«2 placeinthe Zoulirck) and take the Altitude ont 
- of the Scale of the Suns Altitade, or Line of Sines, 
"with this diſtance; ſet one foot of the Compaſits up- 
-&ti the 'Hour-Scale proper to your Latitude, moving 
"The fame, tilt the other foot being turned about, par 
bioh | y 


_— 


PEST MDialling £7 
only touch- the Thred, {> ſhall the CompaG-poi 
- he the true hour.from Noon, ; pf Ee 

So the Sun being | Cnrvetng') in the beginning of 
Virgo, and his altitude35 deg. if you. lay the Thred 
thereto, and'take 35 deg. (the Suns altitude) out of 
the Scale of right Sines, and.,apply one Foot of this 
diſtance to the Hour-Scale, moving it along till the 
other Foot being| turned about, do only touch the 
Thred, you ſhall find the Foot to reſt at-3 hours, and 
about 7 min. from the Meridian, which ſhews that it 
is 7 min. paſt 3, if it be in the Afternoon; or wants 7 
min, of IX, 1f. it be in the Forenqon, 

Note, That every hour (except thoſe near 12). is 
divided into 15, parts gr degrees, each part or degree /\ | 
repreſenting four minutes of -time, - i 
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To find 'the moment of time when the Crepuſculum or 
Twilight begins or ends, the Sun being in any degree 


ER Rr POT Yo ad dV 
Ay the Thizt tdqhe contrary Deblination to what 


the Sun is in, that is to ſay, if the Sun have 20 
deg. of North declination, then take (alwaies) 18d. 
out of the Line of the Suns Altitude, or-Line of 
Sines; and ſetting one Foot of that extent upon the 
hour-Scale, movingit along till the other only touch 
the Thred, the point of the Compaſſes will reſt up- 
on the time of the beginning or ending of the Twi- 
light, counted from Midnight. 


18 


Thus the Sun having 11 
declination , if you lay the Thred to 11 deg. 3x min, 


M P2oblemes in Dialling 
deg. 31 min. of North 


of South declination, and take 19 deg. out of the 

Scale of the Suns Altitude, moving one Foot of that 

extent upon the Hour-Scale, till the other touch the 

Thred, you ſhall find the Compals-point to reſt up- 

on ſomething more than 41 min. paſt 2 in the morning, 
| and the evening-Twilight will end at about 19 min. 
| paſt 9 at night. 


| cayhicn 
A Caron 
B- Caution. . . 


Vote here, That m Summer 1t may fo fall ont, that 


the extent oF'18 deg. of theSines will not come 
to touch the' Thred; and' reſt upon 'the Hour- 
Scale; ' all which time (you 'muſt know, that 
there 1s no dark night at all; but the Twilight 
laſteth all night longz which here in this our 
Latitude of Loxdox, is" from about the 12 of 
May to the 13'of Jaly;:i in all which time the 
Sun doth not deſterid 18'deg. below our Hori- 


The End of 16# ASTRONOMICAL 
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P2oblemes in Dialling: 
Both UNIVERSAL and PARTICULAK. 


PERFORMED 
By the Lines infcribedonthe Quadran- 
talpartof the INSTRUMENT - 


SECT. II. 


A Declaration and Deſcription of” the 
ſeveral Plains upon which Dials are 
to be made. 


ment are of fingular uſe in the uſe of Diak 

ing; for by them may be made with great 
eaſe and exatnefs, all the moſt uſual forts of 8»z- 
Dials imatry Latitide that is deſcribed upon the In- 
ſtruments; as all Horizontal, and ere@, ref North, 
South, Eaſt or Weſt Dials; allo all dire& Eaſt, Weſt, 
North or South - Reclining or Inchning Dials; and 
all zpright Dials whatſoever , whether dire © or 


chelizing: And of theſe in order. 
TY Dd 2 But 


E by E Lines upon the foreſide of the Inſtru- 


Y 
_ 
= 
. 
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But before I come to ſhew ws how to make the 
Dials, it will be neceſſary to diſcover unto you what 
Plains are ſo, and ſo denominated: And therefore, 


1. 41 Horizontal Plain, 


Is ſach a Plain as lieth exactly parallel to the Ho- 
rizon ;, and ſuch are thoſe Dials as are uſually made 
and ſold to ſet upon the top of a Poſtin a Garden, or 
elſewhere; the topof the Poſt or other thing, upon 
which the Dial is fixed, lying level or parallel to the 
Horizon of the place. 


2. An Erect Plain 


Is ſuch a Plain as is perpendicular to the Horizon; 
as are theſ1des of-Walls of any upright Building what- 
ſoever; whether Tower, Steeple, Houſe, or the 
like. And of theſe Ere& Plains there are two ſorts. 
| I. Erect direct. And, | 
2. Ere& declining. | 

So , 


3. An Erect diredt Plain, 


. .s ſuch a Plain, as being ere, or dicular to 
the Horizon asbefore,, 46th alſo behold. or look di- 
uy towards, either the true Eaſt, Weſt, North or 
South-points of the Heavens; and all Plains that are 
—_ or upright, and thus ſituate, are called Ere& dire# 
MAR | | 


4. An 


P2ablemes.n Dialling. 
4. An Erect declining Plain. 


Is ſuch a Plain, which though ir be crect or uprighe, 
doth not directly behold the true Eaſt, Weſt, North 
or South-points of the Heavens, but looketh oblique- 
ly, ordeclineth from either of thoſe points, and fois 
termed an Ere&, but Declining Plain. And the De- 
clination of ſuch Plains, 1s alwaies accounted from 
the North or South points of the Heavens, towards 
the Eaſt or Weſt. For, if a Wall or Plain lying o- 
pen towards the South, but doth not dire&tly behold 
the South, it is ſaid to decline; and if this Declinati- 
on be (when you look upon the Plain) towards the 
right hand, the Plain is ſaid to be an Ere# Plain, de- 
clining from the South Eaſtward. But if this Decli- 
nation of the South be towards the left hand, the plain 
isfaid to be an Ered Plain declining from the South 
Weſtward. And what 1s here ſaid of South declining 
Plains, the ſame is to beunderſtood of North-decliners 


Uo; for-of theſe Plains, there is only four varietiesz :; 


and thoſe are, 


South-de- SEaſt South and the Eaſt. 
clining tWeſt Zwhich behol- YSouth and the Welt. 
deth both 
North-de-cEaſt the North and the Eaſt. 
clining 2Welſt North and the Welt, 


5. 4A Reclining Plair.. 


' Is ſuch a Plain as is ſituate neither pun orlevel 
with the Horizon, as the Horizontal Plain 1s3 wp 


2T 


22 Ptoblemes inT "TI 
ered or perpendicular thereunto, as the Plains laſt de. 
ſcribed 3 but reclineth or bendeth from the Zenith of 
the place towards the Horizon, making an Angle there- 
with : And ſuch Plainsas theſe, I cannot better define 
unto you, than by comparing them to the Roof or 
Covering of a Houſe, theoutfide of the Tiling where- 
of is a Reclining Plain. 


6. An Inclining Plair. | 


_— —T— {———R—w Ugg TE > - = —— | 


As the Reclining Plain was maar to the outſide 
of the Tileing or Covering of a Houſe, fo may the 
Inclining Plain bealſo compared to the Inſide, or un- 
der part of the Covering of a Houſe. 


- o— ——— 


Now of Reclining and Tnclining Plains, there are 
the ſame Varieties as of Ere& Plains; for if they do | 
directly behold either the Eaſt, Weſt, North or South-' 
Points of the Heavens, they are termed Dire& Recli- 
ners or Incliners: But if they do not direQly behold 
any of thoſe Points, they then decline, and are termed 


South 
a 7 


{ North. 
South 


Or 


North 


Reclining 


Declining Plains. 


J 


: Inclining 


| But of chislaſtſort of Reclining and Inclining Plains 
| Declining, I ſhall fay nothing in this place 3 not but 
— the Lanes upon the Inſtrument will: make” thoſe | 


A 
£ 
> 
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Dials alſo; but becauſe of the many Varieties there 
are of them; and they ſeldom come inuſeor prattiſe; 
And beſides, I intend not to make this an "DOlur: 
Treatiſe of Dialling 3 but only ſhew what the Lines 
upon the Inſtrument are (in ſome meaſure) capable of 
performing. 


But that the former Definition of Plains may be 
better underſtood, take the ſight of the foregoing 
Fi 

Fa which, the Lme A B repreſenteth an Horizontal 
Plain. 


The Sq uare CDEF re _—_— an Erect or Up- 
right Fry whether direct or declining. 


The SquareEFG H 40 WAI an Faclining Plain, 
And, 


The Square AB C D | repreſenteth a Reclining 
Plain, | 
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How to find the Situation of any Plain, both in reſpe® 
of Redlination and Declination, or bayhs 


B Efore you can make 4'Dial ro any - Wl or Plain 
propoſed, you muſt firſt know the fituation there- 


of, inreſpect either! of - Re: of Fclinarion. or Declination, 
or both.z and that tallbe the work of this Section. 


And before this he clination or Declination can 
well-be attained. you muſtknow * = - 


How 
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_ How to draw an Horizontal Line wpon any Plain. 


_ 1. Uponſuch a Plainas we call Horizontal (or Le- 
yel) infnite Horizontal Lines may be drawn; for 
the Plain it ſelf being an Horizon, every Line drawn 
thereon isan Horizontal Line, Bur, 

- 2, Upon an'Ere@ Plain, ſuch as is CDE F, one 
Horizontal Line drawn thereon isſafficientz 'and ſuch 
an Horizontal Line 1s the Line KML, which is to be 
drawn in this manner.---Your Inſtrument or Quadrant, 
havingat Thred in the Centre, witha Plummet at the 
end of it, apply the back-ſide of your Inſtrument flat- 
wife to the Wall orPlain, / moving it'up or down, till 
ſuch time as the Thred and Plummet hang dire@ly up- 
onthe Line MT ( as is repreſented inthe Figure upon 
the Plan CDEF, ) and'then by the edge of the 
Quadrant M L,' draw the right Line KML, which 
{hall be 'the 'Horizontal' Line of the' Ere& Plain 
CDEEF, 

3. To draw this Horizontal Line upon a Reclining 
Plain, lay a/Ruler;'as z b, thereunto, and to the un+ 
der-edpe' of the Ruler, apply the (ide of your Inſtra- 
ment M L,- nioving the Ruler and Quadrant. both to- 
=, upwards or downwards, till the Thred and 

ummet Ral juſt upon the Line MT of the Inftru- 
ment; .theri draw a Line by the fide of "the Ruler : 
and that ſhall be the Horizontal Line of the Plain, 
and is repreſented in'the Scheme'before-going 'in the 
Reclining Pldin'A'BCD, bytheLine KL: 
"4. Todrawthis Horizontal Lin&upon'any irfelming 
Plan, it istobeeffected inthe ſamemanner a3-in there- 
dliring Plain,and:thisHorizontal Line is repreſetted by 
thekine KL inithe inclivingPhinEF OH 0 

E © 


How 
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How to find the RECLINATION or INCLINATION of 
en Plain. 


ET ABCD be a Reclining Plain , and Jet jt 
L be required to know how much. 1t recliveth: Jon 
The tool LineK L Rk _ drown, Ul a Ruler, 
as O P, over the ſame, at es, Or 
thereunto, the Ruler _ = py held, or 
apply thercto the fide of your Inſtrument O.Q, = 
ting the Thred;and Plummet hang at free liberty, And 
then oblerve what, degree the 'Thred cutteth . in the 
Limb of the laſtrument ; forthe number of thoſe de- 
grees is the quantity of the Plains Reclination from 
the Zerith,----So in the former Figure the Thred and 
Plummet © S$, fallethupon; 20.deg, of the 
and ſo many degrees doth the Plau AB CD, zeeline 


' from the Zenith towards the Horizon. 


The Inclination of a Plain is found by applying the 
laſtrument tothe under face, or inchajng Plain, add 
the degreescut by the Thred inthe Limbof the Inſiru- 
ment 18. Fg Iaclination of the Po tQ the Horizn. 


} 
—— — —_ me 


How ta find he Dethinities of a Plain. 


| Tx Declivation of a Plain, is in Arch of te 


intercepted, or contained, betweenthe 
Eaſltor Welt Points oe ont: the Plain. 
the Horizon, contained betwe 
Soſondar South-Points of. the anda Lit 


Do papa the Vii And this Dediw 
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tion is alwaies acconfhted om the North of South 
Points of the Horwon towards either Eaſt or Weſt 
Andis thusto be attained, 

To the Horizontal Line of the Plain apply one of 
the edges of the Inſtrument, ſo that the degrees of the 
Limb thereof may be towards the Sun; as the fide of 
the Inſtrument ML 1s applied to the Horizontal Line 
K L of the Plain CDEF in the foregoing Figure 3 
the Inſtrument thus placed, and held exafly level or 
Horizontal, hold up a thred with a Plummet at the 
end of it, ſo that the Sun ſhining, it may caſt the 
ſhadow of the ſtring cxa&tly over the Center of the 
Inſtrument, asis yo oo by the LineX Min the for- 
mer Figure, and take exa& notice what degrees of the 
Limb of- the Inſtrument are cut of by the ſhadow of 
the Thred, accounting them from that ſide of the 
"7 Ft which Hheth ndicular to the Plain, as 
in theformer Figuue from ; to. X, and thoſe degrees 
ae called the Horizontal Diſtante; * which Number 


Then at the ſame inſtant, as you take this Horizon- 
tal Diſtance (or aſloon as may ,be, without the leaſt 
loſs of time ) take the Suris Altitude, and thereb 
find his Azimnth fronttheNorth or South, by the 1476. 
Aftronomical Propoſition: © And ſo by having the Suns 
Azimuth. and the foreſai4 Horizontal Diſtance, you 
may come to the knowtedge of: the Plains Declinati- | 
on, by obſerving the following Rulcy, $H | 


Having made the two former Obferyations of the 
Suns Horizontal diſtance, aftd+ of the Sttns Ati- 
auth z, pr 


bn , Conſider whether db Dane bf hb Fire fl Be- 
, @ 2 


tween 
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tween the Sauth-point of the Horizon, and that fide 
of the Inſtrument” which. ſtandeth perpendicular: to 
the Plain. arg 

If the ſhadow fall between. them, then the Hori- 
zontal diſtance and the Az:z#zuth being added together, 
giveth the Declination, of the, Plain; ,and the Decli- 
nation in this caſe is alwaycs upon the fame -..Coaſt that 
the Suns. Azimuth is; that 18 to fay,,.it| the Sun be on 
the Eaſt-fide of -the Meridian, the. Declination is 
Eaſterly; if on the Weſt-lide, it is Weſterly; as in 
the firſt Scheme Rong. 7 

If the ſhadow donot fall between the South-point, 
and the perpendicular ſide of the Inſtcument , then 
the difference between the Horizontal Diſtance and 
the Azimuth, 1s the Declination of the Plain, Andin 
this caſe, | 


Azimuth be the greater,\ Same - - dy 
It the? | ; the Plain de vP Col 
Hor.diſt. 3 clineth totheE Contrary 


to which the Sun was on at the time of Obſervation; as 
appears by the ſecond Scheme, + .. - 


Scheme I. d m 
Horizon. Diſtance 10-00=-CD. 
Azim. from South 40--00--S D. 


Mnwn__ww©wA £H_ _ _ffeos. oo DÞl Aled 


$0. Declin. Weſt 50--00--CS. 


| Scheme Il, d m + 
Horizon.Diſtance 20--00--G H. nes 
Azim. from South 70--00--HS. i 


—_—_ wn d G % . # 
. $0.declin, 50=00--G $. Ms 
: - % . og -»a % 
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And herenote, that the Declination thus found, is 
alwayes accounted from the South or North to- 
either Eaſt or Weſt, and muſtnever exceed 


w . 
90 deg Wherefore obſerve, 


3. If the number of degrees of Declination exceed 
: gods . ſubſtra& it from 180 deg. and the Remainder 
n be thedeclinationof the Plain from the North, to- 
-'wardsthe Coaſt whereon the Sun is. 4. If 


way © * = 
# $3 


= 


| wn 
P2oblemes tn Dialling. 
4. If the number of declination exceed 189 d 
then ſo muchas it exceeds 180 deg. 15 the Plainsdech- 
nation from the North-towards that Coaſt which is 
contrary tothe Coaſt on which the Suu was at the time 
of Obſervation. | 


Having thus given you an account of the ſeveral 
Plains, thew Names, and how to find their fitu- 


ation in reſpe&t both of in. {clination , and De- 


clination, I ſhallnow proceed to ſhew the manner 
how to draw the hour-Lines proper for each 
Plain. 


Todraw the Hour-Lines npon an Horizontal Plain, 


Firſt, Draw a right Line as ABC for the Meridian, 
and hour-Line of Twelve, in which Line aſſume any 


point for the Center of your Dial, as B; through 


which point B, draw the right LineD BE z at rightan- 
gles tothe Meridian, and that Line fo drawn, ſhall be 
theright Line of Six. £&. 

Secondly, Take the length of that " EO 
which 1s proper tothe Latitude for which you intend 
to make your Dial, from godeg. (or the hour of 6.) 
to the end thereof at 12. and ſet, that length: fromB, 
the Centerof your Dial, toC.....-... ..-;+;!:; 

- Thirdly, Take out of the ſame Azimuth-Scale the 
Latitude of youp Poor counted, VIZ. 30 mn. and ſet 
that diſtance fromBto D, and from B to E, and draw 


te. Lines CD and CE, conſtituting. ay, Equjerural 
9s, ara garerpay a reg cr 


*% #& 4 * 4 
LiIILGHE » 41) ON 


ny & 
the leangib of [your 
\hane | 


; 4 YCST IOW, tt 
- Fawthly, Out of your Dial, take 
| By Ot Ys 7 as 


T; b, 1,C # « + - 
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Line C Dor CE; tor they muſt be of equal length, 


and ſetting one point of your Compaſles in that end of 
the Line of three hours, which is noted with 12and 


6; bringthe Thred only to touch the Conga path as 
yoururn it about, and keeping the Thred there z 


An Horizontal Dial for the Latitude of 51d: 30 min. 
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the Thred ; this diſtance applied to your Dial-plain, 
will reach from C unto 5, and from Cunto 7; and al- 
ſo fromD unto 1, and fromE to 1r. 

' Again Sixthly, Set one foot of your Compaſſes in 
that point of the Line of three hours, that 1s noted 
with 2,4,8, and 10; and take the leaſt diſtance from 
thence to the Thred (it ſtil[reſtingin its former politi- 
on) and that diſtance ſhall reach _=_ your Dial-plain 
. from Cto 4, and fromCto8, and likewiſe from Dto 


A, from E to 10, 
a y, Take the neareſt diſtance to the Thred, from 
that Pdint in the Line of three hours, which is noted 
with g9and 3 ; and that diſtance applied to your Dial- 
plain, will reach from Cto 9, and from C to 3. And 
(if there be no former errpur committed in your work 
this diſtance will exactly divide the Lines CD and CE 
into two equal parts in the foxmer points of 9g and 3. 
\_ Theſe points-1, 2, 3, 4, anid's, onthe Line CD, and 
' the points 11, 10,9,8, and 7, upon the Line C E, being 
found , you may (firſthaving brought your Dial into 
any form or ſhape that ypu (hal bold fancy whether 
Square, Circle, orthe1i ©) whrodgh theſe points draw 
Limes from the Center By” and they ſhall = the true 
Hour-L1nes belonging to an Horizontal Dial inthe La- 
titude of 51 deg. 3o min. Only the hours Wore 6 in 
the Morning, and after 6 in the Evening, are wanting, 
which may calily be ſupplied by drawing the Hour-lines 
of 4or 5 in the Afternoon, quite through the Cenger 
. S, andthey (hall be hourg'of 4 and 5 inthe Morning 3 
_ alſo 7and 8 inthe Morning drawn through the Center, 
{hall be the hours .of'7 and & av hte: co 352 10417 
- Now if ;youdelire tochave he; half hours abdityu 
57s of hours, they may be. 2s,cafily.inſctted into our 


Tx 
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Dial, as the whole hours were. If outof the Lineof 
three hours,.. youtake the. leaſt diſtance to. the Thred, - 
from the reſpective points 1n that Line noted between 
each hour, and apply them to your Plain in the ſame 
manner : 

For the Stile or Cock of this Dial, it may be either 
a Plate of Braſs or Copper, or a Wyer formed toan 
Angle equal to the Latitude'in this Example 51 deg. 
20 min. asis repreſented in the Figure. 

The Stile of theſe Dials muſt ſtand dire&ly upon the 
Line of 12 a Clock, with the angular point thergof in 
the Center of the Dial at B,the which muſt behold the 
South, and the Stile-point upwards to the North-Pole. 


—_—_ 
_— 


y—_— — 
K— 


To draw the Hour-lines upon a dire Sonth or North= 
Plain, 


= making of theſe Dials differeth little from 
the former; for having drawn the Line O R 12, 
for the Hour-line of Twelve, and made choice of O 
for the Center.of your Dial, and through it (at right 
cngles) drawn the Line 6 O6 for'the Hour-line of 
DW ave Ns do: 

; Take the length of the Azixznth-Scale, _ for 
.Your Latitude om go deg. to the end, and ct that 
lengthfromO to R. | 
; ; Alſo take out of - the ſame Azimwth-Scale, the Com- = 
plement of the Latitude of :your place, 97%. 38 d. 30. 
m. counting it from go deg,; and ct thiat diſtance upon 
the Six a Clock. Line. from O toP, and from O to Q, 
anddray the Lines R PandR Qs 


Sg : Ff Then 
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A Soutl.- Plain in the Latitude -ef 51 deg. 30 min. 


' Then take in your Compaſſes the length of -the Line 
RP orR Q, andſet one foot in that end of the Line 
of three hours, which is fartheſt from the Center of 
the Inſtrument, as is marked with 6 and 123 and to 


that diſtance R P or R Q,, bring the Thred tothe near- 
eſt diſtance, | 


Then, from the'next hour-point noted 'with T, 5, 11 
and 7, take the leaſtdiſtance2to/ the Thred; and that 
extent of the Compaſſes will reach from Rto 7, and 
from R $05.5 andalfofiomPtorx, and from Qtto 1 

Again, the neareſt diſtanee taker from the hour- 
| polnt, noted in the Line With 2; 4,8-and 10, Rory 
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Thred, will reach from Rto8 and 4, and from P to 
10, andfrom Q to 2. . 


point 1N the Line, noted withg an 
will reach rfrpm kTTy9; 3"; ; 
there . n& jcrrour ) div wes RP and R Q 
each of the to two cquabpargs,-” 

The fe oro Soup: an 'Angle equal 


to the Completneut of the Laritudey-wiz. 38 d. 30m. 
asisco be ſ&enlin the/Figure,/ It to ſtand juſt upon 


the 12 a Clot "theCenter of the Dial myſt be 
upwards, 4nd the. Stle muſt point downwards to the 


South Poles 7 S=- 
i Oe” , | 
Concerning the North-Plain. 


The North-Plain differeth nothing from the South ; 
for having made the one, yonghave made the other al- 
ſoz the Line of 6aClock being the ſame in both, and 
the hour-lines of 4 and 5 in the Afternoon being drawn 
through the Center, will be the hour-Linesof 7and 8 
at night, and the hour-lines of 7 and 8 in the Mor- 
ning,.drawn through the Center, will become the hour- 
lines of 4 and 5 in the Morning, © © kf 

'  TheSnileof thisDial mult point upwards, towards 

the North Pole, and make an Angleequal-to the Com- 

plement of the Latitude, viz, deg; 30min, as the 
c 


Stile of the South Dial did; all which thitigs are viſt- 
blein the Scheme following.” -* * ”y 


FX © 49 
- 
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- «A North-Dialin the Latitude of 51 deg. 30 min, 


SW 


RF 


To draw the Hour-Lines upon 4 diref Eeff or of. ple 


HE Dial that we hall here oroduce for our "Fx 


ample , ſhall be anere&, dire Plain, PIT 
the Eaſt, intheLatitude of 53 deg. 30 tin, 


Les AB GDbefugh a Plain, u - pw Jar. point] 
"by SETEaP2 arch. of. a Fo T.. and let. off upon po 
if) mins; lem x e 
Latirudets om S to CN orrg Set the 
ft Equinoctaal Line, 
|| UponthisLineaſſumeany hou as G, for the lace 
&f the Six a Clock houreline, an and draw the LineH G© 
| at right Angles to theLine ED, which Line ſhall be 


& — | the hour-line of Six; and the Line upon which the 
Stile of the Dial muſt ſtand, Upon} 4" 


"2 


—_ 


the hour- Cc 

being ſet twice from 10, ſhall give the hour-point of 11, 
and fo right pore 
v9 Thy '2 


havethe height of the Stile tobe, viz. GH) deſcribe 
the Quadrant H K L M, and make G© equal to GH; 
and -alſoſet the diſtance G H from H toLz and from 


Po K. 


 Thisdone, a Ruter laid from@to K, fhall give the} 
Point 7, upon the Line ED, for the hour-point, of 7 3 


he P; : A . | | | - 
EY A : v 
+. 
hy : - , + # P20 $ 1 X 


Up6n the point G (at fuch diſtance as you would | 


An Eaſt-Dial in the Latitude of 51 deg. 30 min. 


; "DT 
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7,8. 0, 10; and 11; all parallel tothe hour-Lineof fix, 
ſhall b2 the trac hour-lines of 7,3,9,10, and 11 aClock. 
Then for the hour-points of 4 and _.5 in the Morning, 
the diſtance trom G to 8, is equal to G 4.5 and G7, 
equaltoG 5; andſo Linesdrawn 49-40 pry points, 
parallel toSix, ſhall bethe hour-lines of 4 and 5 iq'the 
Morning. 

The Stile of this Dial may be either a Plate of 
Bra(s, or the like, of the ſame breadth with the di- 
ſtance between the hours of 6 and 3; which muſt be 
perpendicularly erected upon the hour-line of Six,---- 
Ort may bea (traight Pin or Wyer of the ſame - length 
with the Line 9G, or GH, ſet perpendicular to the 
Plain, in any part of the hour-lige of 6, as in the point 
G, orany other as may be —_ more convenient. 

In the making of this Eaſt-Dial, you have alfo 
made a Weſt-Dial ; for the backſide of the Eaſt-Dial, 
is a Weſt-Dial; as yoft may ſee by 'Pricking of the 
Hour-lines through with a Fm, or by holding of the 
backſide of the Paper towards you, and looking a- 
gainſt theLight. Only the naming of the hour-Lines 
muſt bechanged ; for the Eaſt-Dial ſhews all the hours 
from the Suns Riſing till Noon 3 and the Weſt-Dial all 
the hoursfrom Noon till Suns Setting : And therefore, . 


+ 
mend 


—_ 


4 .) 
7 
in the Morning | 6 | 


| m1 the Eaſt-)5| in the Afternoon in 
1 os muſt} 4 the Welſt-Daal. 
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TheStile muſt be of the fame height, and muſtſtand 
upon the hour-lineof Six, as in the Eaft. | 


- 
Y 


— xy 


And here note, that theſe five Dials, viz. the Hori- 
zontal , South , North, Eaſt and Weſt, may be made 
upon a Cube, or Stone, cutSquare in form of a Die; 
for, the Horizontal Dial being upon the top, or up- 
permoſt flat, the South-Dial muſt be upon that flat 
which lies before the Center or Point of the Horizon- 
tal DialsStile 3 the North Dial on thatflat oppoſite to 
it; and when you look upon the South-Dial, the 
Eaſt-Dial muſt be upon the right hand flat, and the 
Weſt-Dial upon the left hand flat, oppoſite thereunto: 
the ſixth flat muſt be the Baſ1s, upon which the Cube 
or Body muſt ſtand. 

And note further, that when thefc Dials arc thustru- 
ly difpoſed, upon ſuch a Stone 3 and all the Stiles, or 

ocks, rightly placed in cach Dial, you ſhall fee that 
the edges of all the Stiles, in all the Dials, will be pa» -F 
rallel one to another 3 and all of them paralle] to the 
Axis of the wortd (which the Stile of every Dial re- 
preſenteth ) one end pointing upwards towards the 
North, and the other downwards, towardsthe South- 
Pole. And-ſ9oinall bodies of Dials, coupling of any Ag 
number whatſpever; if the Dials be truly made, and Cauwiwwe 
the Stiles rightly placed, they will all of them be paral- | 
lelonetoanother.. This is a good Caution, and ought4 od (amen 
- to be minded; for it will be aſſiſtant to you in the 
truediſpoling of variety of Dials upon ſeveral Plains. 


T> / 1 ip 
Wrence-feierc as 's Corner of widst rec m chaplcde : 
4105 a Ton-uez HP 4 


X we —_ ; 
LL awrewe Toiercloug): TD Novem: : 
But naw in Malkitreus Neat C 


Tr 


| 40 PyoblemesinDialling- 


— 


How to draw a Meridian Line upon any Horizontal Plain, 
whereby to ſet any Horizontal or other Body of Dial; 
in a true poſition anſwerable to the Eaſt, Weſt, North 
and South-Points of the Heavens. 


Meridian Line 1s ſuch a Line, as being drawn 

upon any flat, level, or horizontal Plain; the 
one end thereof direCethi to the true North, and the 
other to the trace South-points of the Horizon. 

The finding of ſuch a Line is oftentimes performed 
by placing a Needle touched with a Loadſtone, ſuch 
as is uſual in Sun-Dials for the;ePocket ; but thole Nee- 
dlesare ſubject to variation, and the beſt of them to 
be attracted by any Iron being near; ſo that we ſhall 
rejet that way; and ſhew how it may be more artihici- 
ally performed. | | 

Having prepared yourPlain, upon which you would 
place your Dial, and made it very ſmooth, and ſet it 
exactly level with the Horizon ; find the Center of the 
Plain, and upon the Center deſcribe a Circle: Then 
hold up a Thred and Plummer, till the Shadow pals 
through the Center of the Circle, and then in the 
Line of the Shadow make two marks with a Black- 
Lead Pencil, or other point; and atthe fametime by 

--the 7th. Probleme of the firſt Se&ion of: this ſecond 
Part : 'Take the Suns Altitude with your Inſtrument, 

+ and bythe 14th. Probl. of the fame, firid the Suns. 4- 
Zimuth, fromtheEaſt, Weſt, Northor South 3 which 
Obtained, come to your Plain, and with your Com- 
panes out of a Line of Caxds take the Azimuth as you 
oundit tobe; and ſet itWon the Gitcle towards its 
| . truce 


_ — 
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RW either from the North or fromthe. South ; 


ht Line drawn from this point through the Cen» 
ar be a true Meridian Line, and another Line 


drawn at right Angles to this, through the Cemaralih 
dr aig jor Eaſt or Welt. 


by: 17" 


Let ABCD be the top of a Poſt, Pedeſtal, or 0+ 
ther e Horlnonal Plain, —_— which you would draw 2 


Fete Torn the Center O, deſcribe. the Circle 
Hz then holding up a Thred and Plummet, as 
L S, ſothat Ce dnnng, it may caſt the ſhadowof 
the Thred chroughthe Center of the CircleO, which 
Line of Shadow is repreſented by the Line EQF. 
Secondly, The Suns Altitude being taken, and his 
| Geg Azimuth 


| > 


42 mrs it DE | 


by the forementione Pr6bt; 
ihe om i bin PINA Y v5 


rvition was rhade h the 

take rr 3 dep. 30 min. ont bf the farhe No 

Cords by which you defctibed the Circle, and fo+ 
that diſtance upon the Circle from the Line of Shadow 
at E Southwards,which will fall at the point G ; where. 
fore draw the Line G O H, which ſhall | be @ true Me- 
ridian-line 3 and another Line drawn at right Angles 
thereto, and p _ ———p 'as the Line 


IOK, ſhall ray) t and Weſt, theſe 
four points I WA. dir dire og ref E four Car- 


dinal points the Heavens, 


23 " F28 | VEE 
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How to draw tha AE upon an "xx" Fr Plain, de- 
t 


huing from the North or: (South, 
Eaſt Bs Wejr, — 


[4s either the 


Heſe ſorts of Dials are . -Y as Come REP in uſe 
and praGtiſe of any other kind whatſoever, they 
being ſuch as are made againſt the Sides of Steeples, 


Walls, or other upright Baildings. And before the 


Hour-lines canbe drawn upon theſe Plains, oy mult 
. "= oe rhdiligy be known; TY 


I. The quantity of the Plaj is Derry etl li 
-: NNoth'or Soiith towards "f the: 
Þ PRES Heng Se ok 
the Meridian, 


gy hs The etorhn of th Pote e's tile "Of { bud 


e113 > 
voir Ag | The 


YI Dialling, . 
IK, 9 find the Declinatid of an 


| == taught In this ab bs Foc 


fre ll the filing of th pon 
T8 The Defle&ion or Subſtiles diſtance fromthe Me- 


ridian. 
2, The Height of the Pole or Stile above the 


b, * 
Plain. 


+, 


For Example then. 


poſe thatin the Latitude of T' deg. 30 min,an) 
wa Wall or Plain ſhould decline from'the Soutt' 
Tp towardsthe Welt, this Plain muſt be cal- 
led 4 South Plain declining Weſtward 26 deg. And the 
manner how to find the Reguiſites, and to draw the 
Howr+Lizes upon ſuch a Plain, fhall be the work ofthe” 


three iowing Paragraphs. 


et 
_ 


neem EI rn o_—  ——_—_— — -— 


How to find. _ DefleFion, or the Sub-$tilet dis 
NN Todo Mr or HourLine of 12. © 


[4 of our Inſtrumene to the 26th 
97h The our Plains 'Declination, MERE in the Azi- 


L or you Frooper 4. the Latitude for which yan inks 


the Fx tb the, 1 mer of LS Ces 
e men 62 
of th ISAs, OT SG Rds Ref 6 the Me- 


La \ IC cgunt-the oj wy Ny: F in tf Limb to: 
Py og aSJafr hand from 60,0Eg., lit betn C 
BBs rH Denton gf Le, 2 
count s af, PP: © Ns 3 


2 SEE? + 
44” Ptoblemes in Dialling. 
is, 64. deg. from the beginning inning of the Scale” and'the 
Thiel uy cutin the Limb, e the Iriftrumept ry dep.” 
13 min. the degrees being abcounted from 6; t 
theſe 19 deg.;13 min, isthe Deflection, orSab-ftiles di-- 
ſtance from the Meridian. wb ST OY 


— ———. —_ wht... PY —_ Y "I — "TC @. 
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. 
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Il. How to find the height of the Pole or Stile' above the 
Plain. | | . 


Ut of the Azinuth-Scale proper to your Latitude, 
' take with your Cocpalic on Ho dex th di- 
ſtance to the Plains declination, that "diftan e bang 
meaſured upon the q wack pry bene gry. orLine 
of Signes from the beginning thereof, will give you 
the bloke of the Pole or Stife above the Plain, 
s, the Declination of the Plain bein a6 degr, 

ſet 6ne foot of the Compaſſes tnto 90 deg. of the Azi- 
muth-Scate, proper to your-Latitude, and. extend the 
other to 26 deg. (the Plains declination) counted in 
the ſameScale, this diſtance of the Compalits bemg 
apphied to the Scale'of the\Suns Altitude, .or Þihe of 
Signes, - will reach from the beginning thereofto d. 
1 min, and ſuch is the 'Heighit of the Pole or Stike as 
bove the Plain, "+ 1107 10 ks 
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,- WW, Howtodraw the Hour-Lines upon the aim 
DO ES er 34 00> 9114 30 

ht Line AD, for the ridian, 

pat of 12. and AL OM f 

4: 'Dial,' rough which port , 

"TD ,C; pe yendion | - EY 1s 

Secondly, 


= +] bd 
Ss # 41 : 
\ 


, Upon the Center A (with any line of 
roots Agu ret; agar 7h a Cirele HKL, (on the 
right de of the line of "Twelve, becauſethe Plain de- 
clines Weſtward ; but on the left fide of Twelve, if 
the Plain bad-declined. Eaftward.) Upon which Arch 
{et aff 19 deg. 13 m. the diſtance of the Subſtile from 
the Meridian, from H to K, and draw'the Line A K 
for 'the Sub-ſtile. Alfo ſet off 34 deg. 1 min. the 
wig theStile from KtgL, and draw the Line AL 
7” +” + AC q 
, Take with'yoor Compallts-ont of the La- 
f Fake whh din bo of. it to the Latitude 
yourplace for which you make your Dial, viz. 51d, 
3om. and [ct thar diſtance upan the Horizontal Line 
of youp Plain, fron AtoE, 2d throughthe poittE - 
Line/E G: parallel to the Meridian, or Line 
F+, ot hb #.* | , 


"Y | | wa 
. | 'of- ; Kvimhet- Sole, propef .to 
yu e 26 dbp. the declingtion of your 


s Secondly 


#fromiAtoF, and draw the Line | 

paralleJto E G/; andjnake A, 6 above the Center 

of | Dial," bl <>£ * "3 YSs LAs 
_-__; Take the Complement of the Declination 
of the Plane 64 deg. out oft the Azimuth-Scale, count- 
«d from go, ;or take from go, tothe Deglination it ſell, 
Whichis'all one 3, and. ſet that daſtance {aupg 
payne Sh» and.draw. the two Jines.12, 609 

*h TA 6 en-eithet of theMeridian,' 9113 9637u : Dt 
DHS Seventhly, 
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is  Probleines * lating. 
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| 
f Sontb-Dialdeclininig retard 26 dey. in the Lot "7 
1 of 51 deg. 30 min, * | 


<1 4. >nel9 of & 


L , "Cottipalies; | o Et "Exe bined 1 Lie 
x of zhe:ic 
Saf WE ur ue Mp 
12.65 ring the Thred' y 5 er «Þ \ x 3 : 

34,33 
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PHdbleneF-in Dialling 47x 

Thred thus reſting, ſet one foot of the Compaſles in 
hat point of the Ling of: thier hers that is marked 
ith 7, 11,.and-from i take the neareſt diſtance to 
he Thred, ſo ſhall it give youthe diſtance-from 12 to 
, and from 6to 11. Again, take the neareſt di 
rom.the point in the Line of three hours, noted wit 
8. 10, andthe Fhred, andthat ſhall reach from19'to 


« ge. — 


_— 


hred ſhall give you the diſtance 1 2, 9, or 6, 9, divi- 
ng the Line 6, 22 into two equal parts: So. ſhall the 
few 7, 8,9, 1o, 11, be the potnts through which the 
r-line&s of: 7, 8,9, 10 and'11 mult paſs ; only the 
hour-point of 7 itt the Morning, being above the He 
|rizontal Lineof the Plain, muſt be drawn through the 
enter of the Dial; and become the hour-line of 7 at 
ht, oft the other ſide of 12 a Clock. 
Laſily, Take the ſhorter of the two Lines 12, 6, 
and ſertitig'orie foot in the end of the Line of three 
/hours,” noted with 6, 123 bring the Thred to the 
neareſt diſtance , and taking the reſpettive diſtance: 
fromthe ſeyeral'points in that Line, it ſhall give youſ 
the points x, 2,3; 4, andy in the Lane 12,6, througt 
which points the hour-Hnes'of 1,2, 3,4, and 5 mult 
be drawn, and 61s your Dial fiathed. | | 
{- Only, the Stile muſt be ſet” upon the Subtile per 
S110 pendicularto the Plain : | 
|* Bae making an angle with theSub-ſtile of 34 deg 


__ EH ; 
la And ity makilig-6f this Dial you have made 4 Di 
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43 Pz2oblemes in Dialling-: 
A South declining Eaſt I 


Noith decliningyWe 26 degrees, 


For the Paper upon which a South-declining-Weſt- 
Dial is made, being turned, 'and held againſt the 
Light,becomes a South-declining-Eaſt 3 only the Fore- 
noon-hours in the one Dial, muſt be Afternoon-hours 
in the other; and the contrary, Allo, 


South-Weſt- | North-Eaſt, 
The Hours (4. mana. gory 
of 1 Center, br 
COMCcS A 


South-Eaſt- Northweſt. 


Only the Hours muſt be changed, and thoſe Hours 
about the Meridian (which in the North-declining Di- 
alsrepreſent 12 at Midnight) muſt be wholly omitted, 
as 12,11, 10,and 9 aClock, muſt bequiteleft out 3 and 
as the Stiles of the South decliners pointed downwards 
tothe South Pole, ſothe Stiles of the North decliners 
muſt point upwards to the North Pole. 
 Andif the North Plains do not declinemany deg. 

| ſome hours both of the Morning and Evening 
mult be inſerted upon them, as you may ſee by 
the dire& North Dial before. | 
* And ina North declining Eaſt Dial 26 deg. beſides 
the hours of 4, 5,6,7,8and 9g in the Morning, there 
muſtbe inſerted the hour-lines of 7 and 8 at night. 
-. Andin the Welt decliner 26 deg. there m = 
crte 


Problemesn.Dialling, /—@ 49. 
ſerted beſides 3, 4, 5, 6, 7 and$ in the Afternoon, 4. 
and 5 inthe Moxnang. ® +, 7 ly 15409 ) og 


And becauſe theſe IFials of all others, drethe moſt 
uſual, I will therefore inſert one other Example of 
a Plaideclining 45 deg.-inthe Latifhide of 51d, 
30 m. in which I will expreſs all the foremention- 
ed Varieties, 


For the manner of finding the Requiſites, as the 
Sub-ſtiles diſtance from the Meridian, and the height 
of the Stile, 1t is tobe performed as in the other de- 
clining Plain 3 and by ſo working as is there directed, 
you ſhall find, | | 

d. m. 

The diſtance of the Sub-ſtile and Merid. 29 20. 

The height of the pole above the Plain, 26 6. 


Which things being known, you may proceed to 
the making of the Dial in all reſpedts as the former: 
So that in this Place I ſhall only give you a ſight of © 
the Figure, leaving the reſt to your own practile, 


4 * ——— nd 


© 48 PzoblemesinDialling- 
\  ASouth decliningEaſt ah 


Noith declininggWeſ 26 degrees. 


For the Paper upon which a South-declining-Welſt- 
Dial is made, being turned, 'and held againſt the 
Light,becomes a + commer pyen. 7 z only the Fore« 
noon-hours in the one Dial, muſt be Afternoon-hours 
in the other; and the contrary, Allo, 


South-Weſt- | North-Eaſt, 
The Hours wy == x 
ofa Center , br 
COMCcS A 


South-Eaſt- North-weſt. 


Only the Hours muſt be changed,” and thoſe Hours 
about the Meridian (which in the North-declining Di- 
alsrepreſent 12 at Midnight) muſt be wholly omitted, 
as I2,11, 10, and 9g aClock, muſt bequiteleft out 3 and 
as the Stiles of the South decliners pointed downwards 
tothe South Pole, ſothe Stiles of the North decliners 
muſt point upwards to the North Pole. 

Andif the North Plains do not declinemany deg. 

| ſome hours both of the Morning and Evening 
mult be inſerted upon them, as you may ſee by 
the direct North Dial before. | 
* And in a North declining Eaſt Dial 26 deg. beſides 
the hours of 4, 5,6, 7.8 my in the Morning, there 
muſtbe inſerted the hour-lines of 7 and 8 at night. 
i. Andin the Welt decliner 26 deg. there m _ w 
crte 


P2oblemesn;Dialling, 49. 
ſerted beſides 3, 4, 5, 6, 7 and$ in the Afternoon,: 4 
and 5 inthe O "oY, AY. reg td \ cf, 


And becauſe theſe Dal of all others, arethe moſt 
uſual, I will thereforeinſert one other Example of 
a Plaindeclining 45 deg.-inthe Latifnde of 51 d. 
30 m. 1n which I will expreſs all the foremention- 
cd Varieties, | | 


« 


For the manner of finding the Requiſites, as the 
Sub-ſtiles diſtance from the Meridian, and the height 
of the Stile, 1t is to be performed as in the other de- 
clining Plain 3 and by ſo working as is there directed, 
you ſhall find, | 

d. m. 

The diſtance of the Sub-ſtile and Merid. 29 20. 

Theheight of the pole above the Plain, 26 6. 


Which things being known, you may proceed to 
the making of the Dial in all reſpects as the former: 
So that in this Place I ſhall only give you a ſight of © 
the Figure, caving the reſtto your own practile, 
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| Howto draw the Hour-Lines upon an wright declining 
Plain, which itt reſpe® of the greatneſs 'sf the Decli- 
nation, theCennter of the Dial muſt be omitted: - \ 

\Uch Plains' a? ds? decline inahy degrees from the 


North or South, towards eithct' the Exiſt or Weſt, 
as above 60 deg.) the neighn of the Pale above theſe 


ains., will be but of ſmall Elkyation 5 by ticzns 
whereof, "the hout-lines *%r; | they be ded i 
yay great diſtance from the' Center,” yill be 'of 
noſen! 


ible diſtance one from another; whetefore the 
old uſual way was, to draw the Dial upon the Floor of 
ſome large Room, and at a convenient diſtance from 
the Center;- ro cutoff thehour-linesStile:aud $ub-ftilts 
But this way being too Mechanical, and liable za.very 
much uncertainty, I will here ſhew youan artificial way, 
whereby you may.draw a Dial of the greateſt decting- 
tion within the: quantity of a-quarter/of a Sheet of P4- 
r,' whereur the Stile ſhall have a-ſfufhcient height as 
ethe dubsſtile,” and the hour-lines a:competent d1+ 
ſtance one fromanotherc i mb vil7 3nvos 107 Ul 
Whereforeler usſuppoſein this our Latitude of Lows 
don, 51 deg.9o min. an upright South Plain to deeling 
from the South towards the 83 deg. 37 min. Before 
you come to rtre-erawing of Thc hour-lines,” you muſt 
as before, find; coo hi wei ls yt ag TE 
I. The work of the Pole above the Plain. 
- 24 TheSu {tiles diſtance troq,the Meridian. And 
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1. Ta find the bright gf the Pole « or $tile dove the 


Plain. .... A 


Take with. your. Compaſſes out, of the PR 
Scale proper to your Latitude, the diſtance fro 
90, to 83 deg. 37 m. your Plains Declination, this 
diſtance bong br 56 to, the Scale ;of the Suns Alti- 
tud 6, of will reach fromthe beg inning 
thereof to 3. deg. 5 on mn. the. ns of the Þ gle or 


Stile above the Plain, 


f 4 | 
SP 3% 


CEE 


H. To = the = of the em noe 


/ diam. LR 


M————_— 


PBs g the Thredto83 deg. 37 m:. chePlains Jeclions 
tion inthe Azimuth-Scale/ proper» for :your Latt: 
tude, counted from: go deg!r:theh | wil b therThred+m 
the Limb-ofcthe Inftrument-reſt upon: 3Rdeg, -18 min, 
If you count the degrees from: 60,/ towards the: left 
hand, /and- theſe 38 deg. 18min. is the deflection, or 
diſtanceof the Sub-ſtile fromthe MeibdoP.; 16 0 
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III. To To fund the plain Nutt 7 on 


B'iix the Fhicd to 82 & 
clination , Nah iy 


- Ptoblemesn-Diallings— x3 
whereof is 85 d. which isthe Plains difference of Lon- 
gitnde, —_——— LECTIN 
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Having found theſe three Requilites, viz. 
d. m. 
The height of the Stile above the Sub-ſtile 03 58. 
The diſtance of the Sub-ſtile and meridian 38 18. 
The Plains difference of Longitude 85 oo. 

We wil procced to the drawing of the Dial ; And. 


Firſt, Draw a right Line from the top to the bot- 
tom of your Plain, whichis the Repreſentative (not 
the Realy Meridian, orLineof 12, as the Line A CB.. 
towards the upper end of which Line, as at A, make 
choice of a point for the ſuppoſed Center of your Di- 
al. Upon' this port A, with 'a Line of Cords, de- 
ſcribe hah of the Circle CDE,: aq the left.hand 
of the Line AB (becauſe the Plam declineth Eaft- 
ward) upon which Arch'ſet oft- 38 deg." 18 min. the 
diſtance of the Sub-ſtile from the Meridian, from C to 
D, andalfo 3 deg.-58. the height of the Pole or Stile 
above the Plain, from D to E; and draw theLine A 
D for the Sub-ſtile, and A E forthe Stile. +, 

Secondly; Make choice of. __ points (being 
at convenient diſtance) inthe Subſtilar Line, asF an 
G, through which two Poreys draw two right Lines 
at rizht Angles to the Su ſtifar Eine quite through the 
Plain, as OFP, and &GB. | 

Thirdly, Tn regardthat the Stile' hath but {mall Eleva- 
tion, draw-a Line parallel to the Line of the Stile AE, 


at what convenient diſtance you think good, as the 
LineN M, whichis the Stile augmented. p— 
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54 Pzoblemes in-Dialiing; 


4 South-Plain declining Eaſtward 83 deg. 30 min, in the 
Latitude of 51. deg. 30 min, 


P:dblemes*in Dialling. g5 
 Fourthly, From the point F, take with ſyour Com- 
paſſes the leaſt diſtance to the Angmen 
and ſer that diftanceupon the 
© Alſo from the pomntC, take the leaſt diſtance to 
the au ted Stile MN, and ſet that diſtance upon- 
the Subſtilar Line, from Gto @ alſo. 

Fifthly , Upon 'thefſe two points & © laſt found, 
with any Line of deſcribe two Arches of Cir- 
cles, as HIK, andHIK ; and then out of yburLine 
of Cords take 85 deg. the Plains difference of Longi- 
tude, and fet that diſtance from I tro H upon both the 
Arches, on that {ideas the Lme A CB that therepre- 
ſentative Meridian ſtandeth. 

Sixthly, From the points H and Hinboth the Arches, 
begin to divide the Arches into hours, by _—_ 15d. 
out of the Line of "Cords , and ſetting that diſtance 
from H, tothe points * * *, cc. upon both the Arches. 
Then to the points © © lay a Ruler, and where the 
Ruler croffeth the Lines O P and K Bmake marks. 

Laſtly, A Ruler laid from point to point in the two-- 
Tangent Lines, each to its Correſpondent, right lines 
drawn through theſe points, ſhall be the true hour- 
lines for fuch a declining Plain. 

TheStile may be eithera Rod of Tron, ora Plate'of 
Brals or Copper ſet at right Angles to the Sub-Stile, and 
inclining towards the Center with an Angle of 3 deg. 
53 min. anſwerable to the height of the Stile above 
the Plain. And in this Dial you have made four Dials; 


as in the preceding Examples. 
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- Of 'divedt 'North and" South Reclining 4nd Incliving 
Plains, and how to draw Hour-Lines npon the, - 


' A LL Plains that arenot upright, do either recline 
- from the Zenith, or incline:to the Horizon ; and 
of theſe forts of: Plains there are infinite Varieties; 
but we ſhall in this place only treat of ſuch Plains as 
direly behold either the Eaſt, Weſt, North or South- 
points of the Horizon, and recline from the Zenith, 
and incline to the Horizon; and theſe are called direct 
reclining or inclining Plains: And all 'the ditticulty 
that 1sin themaking of theſe Dials is, 


How to find ihe height of the Pole or Stile above any di- 
re Northor South Reclining or Inclining Plain, 


The manner how to find the Reclination: and Incli- 
| _ of any Plain is already taught, Where- 
ore, 

- If the Plaindire&ly behold the South, and recline 
from the Zenith, then it 1s called a South-Reclining 
Plain, And, 


To find the height of the Pole or Stile above ſuch 4 


Plain; 


Conſider, 
I. It the Reclination of the Plain be leſs than the 
Complement of the Latitude, ſubſtra&t the Plains re- 
clnation fromthe Complement of the Latitude of the 


place, and the remainder ſhall be the height of the 
| Pole 


P2oblemes in Dialling. T7 
Pole abovethe Plain, and the South-Pole is.clevated 
asis in all upright South-plains. 

- 2, If the Reclination of the Plain be greater than 
the Complement of the Latitude of the lace, ſub- 
ſtrat the Complement of the Latitude of the Place 
from the Reclination of thePlain, and the Remainer 
is theElevationot. the North Pole above the Plain. 

3. It the Reelination of the Plain be equal to the 
Complement of 'the Latitude of the place, then doth 
the plain he parallel to the Axis of the World, and 
neither Pole 1s elevated above it ; but all the Hour- 
lines muſt be parallel one to the other, as in the Eaſt 
and Weſt Dial; only this remember, that as in the Eaſt 
or Welt-Dials the Stile ſtands always upon the Hour- 
Line of 63 in theſe Recliners it muſt ſtand upon 123 
for the 6 aClock-Linein an Eaſtor Weſt-Dial is the 12 
a Clock Line itone of theſe Polar Dials. 

6 bk. Again, 

If the Plain diretly behold the North, and do re- 

cline, then obſerve, 

I. If theReclination of the Plain, be leſsthan the 
Latitude of the place, add the Reclination, and the 
Complement of the Latitude together, and the Sum 
-þ them is the Elevation of the Pole above the 

in, 

2. If the Reclination of the Plain be greater than 
the Latitude of the place, add the Reclination and La- 
titude together, is the height of the Pole above the 
Plain but if this Sum exceed go deg. then ſubſtract it 
from 189 deg. and it giveth the Elevation of the 
North Pole > ous the Plain; for in all Nortt-reclt- 
ning Plains. Chow far ſoever) in theſe Northern Latt- 
tudes, the Noxth Pole is ahraye elcvatcd, ;. If 
' - - 


3 P2oblemes in Dialling, 

3..If the Reclination of the Plain be equal-tothe 
Latitude of the Place, then the Plam Heth in the 
Plain of the Equinottial, and the North Pole js ele- 
vated juſt go deg. So that a Circle being divided into 
24 equal parts, and a ſtreight Pm or Wire ſetup in the 
Center, this Dial is finiſhed, and the _ face there. 
of will give the hour all that part of the- year that 
the Sun hath North declination; and- the _ 


Plain (or under face thereof ) will give the hour 
the time that the Sun hath South declination, 


= 


And now that all that hath been here faid concer» - 
ning dire& North . and South reclining Plains, 
may more evidently appear, conſider this follow- 
ing Diagram, in 


= _ 
Problemes in Dialling; x95 
| Towhichlet NP Z & $ repreſent the Meridian of 


the place. 
| Ns the North and South points of the Hori- 


z0n. 
Z the Zenith of the place, 
Pthe North Pole, elevated above N}the North part 


of the Horizon 51 deg. 30min. 
QtheSouth Pole, depreſſed under S the South part 


of the Horizon, as much as P isclevated above the 


North. 
- PQ theAxis of the World. 
AX the EquinoGtial elevated above $ the South 


part of the Honzon: 38. deg. 30 min. equal to the 
Complement.of the Latitude, and depreſſed below N 
the North part of the Horizon as much. 


AB - 

| C TwoSouth reclining Plains. 

.CD 

'EF 
GH 
i. Now ſuppoſe the South reclining Plaiz A'B, t9 

' tecline 35 deg. which is leſs than Z?, 33d. 30 Mill 


'*-- Wherefore, Z A—————- 
- taken. from ZP ——— = i—_——, 


C Two North declining Plains. 


— 


= - leaves DA omerrmprgy— mmm ern ener mn Or 30s 


Forthe-elevation.of the South Pole Q.abovethe 


* . 
: j 
SS « * —_ SC ' 
" —w— ” _ 4 « 
- 
o 
þ 2 "4 
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4 F " { = pf - 
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: % p = -& 
% =" - LE + 5 . . 
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—X . 
. 
: MM 
OW « _ 
$-/19 18 5 
: 


6s Paoblemes in Dialling. 
2. Suppoſe the South reclining Plain CD, +6 te. 
cline from the Zenith 65 deg., which is more than 2Þ 


d. m, 

23d. 3om. Wherefore Z P—_———— 
taken from £C—m= 6; 

[eaves PC —=o —— 6-29 


For the elevation of the Notth Pule/P above the 
South reclining Plain C D. it © Y 


Again: 


1. Suppoſe the North reclining Plain EF, recli- 
ning fromZ, 3he Zenith, 35d: leſs than ZZ 51 d.';0m, 
; i 2196, d. m 

PZ, the Complement of the Latitude mw=——38--30 
addedto ZE, theReclination=————35-00 


WR— 


gives P E————m—_r mmm nm 73-430, 
For the elevation of the North Pole P above the North 
rechning plain EF, on, p gon. 


2. Suppoſe thereclining Plain GH, reclining from 
Z, the Zenith, 65 deg.' greater than ZZ; the Latitude 


| dd, ml 
P Z the Complement of the Latitude===-38--30 
added to ZG the Reclination———- 65--00 
gives GP ——_ — — — — — 103--30- 
which ſubſtraſted from———=—— 10-00 


—_— 
leavesH Pm—=——..———==—76--30 


TheElevationof the North PoleP, above the North 
reclining Plain G H, For 


P2oblemes in Dialling, 


——_— —_—_— FLY 


_ — 
: — —— - — 


6e 


— 


For the drawing of Honr-Lines upox theſe South ' and 
North reclining Plains ; 


Here 1s no more troublein the making of theſe Di- 
als, than in maing the full South, or Horizon- 
tal Dial, before tau 

For, "when you BR, found the elevation of the 
Pole above the Plain, ' you muſt count that as the La+ 
titude of. your place, and fo making an Horizontal 
Dial for that Latitude, your; work isat an end. For 
this thing which is ſdobvious, Examples were ſuper- 
fluous; but 'when T have alittle treated of Eaſt and 
Welt Reclinersand Incliners, I will give you a-fight 

of all the Varieties inone general Scheme: 


% 
— —_—_— OY _—. 
-—_ 0M Was EO ——_ F 7 E.  —_—— _ ® 
- = \ 
» 


Concerning __ and W " Remi and = 
Plains. | 


, MALLEE 


.N Faſf or W - JT Plen in a * Latituds, 


; Is no ry nan vpright Plain declining o 
mar) y degrees asis rhe Complemierit of the Reclination, 


in a; 'Latitnde that is equal tc to the- Gomplentone of os 
he pine LAOS So, by CEN 


I bs [ 


| ninile2% fic3 _— n no 2&4; *M, , i 
40 OO Fe o Or FP "00 


inthe Lat.of 951 03> Weſt Plainy35 ©0 
30 10 —_— 70 00 


6 * % _ - - ' 
{OS © es ROI one ad}: wen 35 
$4 _ y JJ Y Te (1 - o& Ix w ; + w# s 44 .4 FY 4 
" k \Þ * 
_ h 
w 4 $4%15 . 


\ 


Ix 


Fi 


s> DPwoblemes in-Dialling; 


d; m:; _— + 


[5no other than©583 co 50 O01. 
an Erect Pages co$ IntheLat of 338 30 
declining 20 OO 39 50J 


. Only, the, placing of the Dial is otherwiſe ; for 
whereas 1n all upright Plains, whether diet or decl- 
ning, the Meridiaa or hqur-Line of 12, js perpendicu- 
lar to the Horizon; ſain. all Eaſt and Weſt reclining 
and inclining Plains, the Meridian or. hour-line of 12 
licsalways parallel to the Horizon: | ' And the North 
Poleis always elevated above-all Eaſt.or Welſt-Recli- 
ners. And.theSouth Pole above the Incliners, PPpo: 
lite to them, 


* s * 8 wt * , 4 : *d 1 3ÞY 


_ q 4 
tt ey RE c—_—_— _ — 


—_— hi. 


How to draw Hoimur-Limes $6. udp an Eaft or Weſt Recl:- 
_ ning Plain... Thy 6 


8:4 it be required to draw the Hour-lines upon an 


Eaſt Plain, reclining; from, the Zenith: 35 deg. in 
me name of; 51 deg}.30,min. wi 3 no doſes than 


__ Plain doch , int the Latitude of 
ae ns - 20 min. was ol if- you make rn 
South Dial Aenlining 35 dey. for the Latitude 


33 m. the Meridian Line being turned about till 7 lie 


in the Hoxjzontal Line, it aye your Eaſt declining 
Plain Goode 7 o Ag 


TIAWS 


ge” ih KY 


. But it may bs Pk objected, that, How ſhall I 
make 


' 
5 : __ } 1 


— 
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zake .a declining Diat forthe Latitude: of :38 deg. 
when as I have no fuch Azimuth-Scale upon /my In» 
ftrument. 


"Ib: v1 Anſwer. | y | 
' T7. 5 THIS [1:3 | 
It is true, there ino-ſuch' Scate'” but fhickhn one 
may caltly be put on, or be ſupplied by the Line of 
the Suns Altnude, oc-Line of_general Signs: And 
therefoge I. wall in this- De yariety, ſhew you 
how, you may d that Line « of Sirt2and Fein of 
Latitudeg only, find all 'the quiliſes, as Deflection, 
Heighe, of, the \$tile; gc, be nging to a declining 
Dial inany Latirade, and {0 __ in this La- 


279 TREK, Ne gol... FE: 
209 wiſe JR \II-IE 


Howpto FRO whe Nan oo xz, ' Eaſt or Weſt ala 
| in the Tay of 


recligirigs 9dr 


TI deg. 30 9 þ 
K: I 
SID Wd 


of dt. 

T fs Plain] cold you, Oo » upright 
South- Plain, decluang .. 55. 4Cg. 

Complement of the Beclination; ju the Latitude of 


38 deg. 3o min.. the plem the Latitude :: 
Wherefore eee he a ing 0 the Dial, as 


followeth 3. _. 
oH for the Merifl "an 
Firſt, Draw a right Line ne th e Horizontal Line 


' 2 ww -< r2pyp _ _ Rt ter A, at night an 
of the Plain 3 and throughthe Cen - 
ples, ray © E A. forthe Ye! reical Line. of, ; the 


one in.” Now 
(Os 


N —_ I ———- - -— ww _ =” em 


64 Pzoblemes in Dialling- 


_ Nowrepatrtoyour Inſtrument; and take 38 d, 30m; 
out of the Latitude ;Line,\ and ſct that diſtance npon 
the Meridian from AtoB. Alſotake the Complement 
of the ſame Latitude, viz. 51d. 30m. out of the fame 
Latitude-Scale, and ſet it from A to C, in the Verti- 
cal Line , and draw CD equal and parallel to A B, 
and BD equal and parallel to A'C, 


——_— 


. = 
euGangofinnn egunnnt 
- 


4 


| 
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_» Now becauſethereis no Azimuth-Scale upon Four 

Inſtrument' for! the Latitude of 38 deg. 30 min. 

we muſt therefore perform all our work by: the 

Line of the Suns: Altitude, which is the Gene- 

ral Line of Signs, .and that is to be effected: in 

this manner 3. not only for this Latitude of 38d. 

30 min. but for any other that'is notupon your 

Inſtrument.  - Therefore, | | 

Secondly; Out of this Line of Signs, take 5 r d.zo m. 5-9 

the Complement of the Latitude for which you arew 

make your Dial; and ſetting one foot of this extent 

m the Sign of godeg. Bring the Thredto the neareſt 

diſtance, and there Coty it; for it is fitted for your 

whole work; without any alteration: !/'- # Ges : 
Thirdly, Out.of the Line of Signs -at the neareſt 1! 

diſtance to the Thred, take the Sign-Complement of 

the Reclination;;of the Plain; wiz. 55:deg- and "ſet 

that diſtance from BtoF, andfromCroO-y5:and-draw 

the Lines A O for the hour-line at 6, and A F, for 

the Subſtilar Line. FO oa hy. 1% we 
Fourthly, Onrt-of the fame Line of Signes (theto ute, 

Thred being not moved fromits place) take, theSign 

of the Plains Reclinatzon, viz. 35 deg. by encarelt 

diſtance to the Flired,” and fer that diffance from A to 

12 upon the Meridian; and from Fto G, making F G 

perpendicylarts, AF 3!and dray.the Line A G forthe 


Stile of | C lal,.,c! aces 1200) 001. L018 coan 
| Rin, rom the Line of Signs (av the peareſt divi:i' 
ſtance to the Thred, take 51 deg. 3o min. {ek 

iement- of the. hatjue; (gt ;theiplactyr anddlce rat 

| wg qo Aro 5; and/througtt E:drawa Line pa- 

alot to ps [It at; the-Hour-Linzof Sin the 
g2unk V9 | takin 


HIT! 


! 


x 
' g iaryaus Compiiiesthe diſtance 
Kk | 


from 


66 Paoblemes in Dialling: 
from A to 6, ſetthe ſamediſtance:fromA to 6 onthe 
* other 11de of the Center-of the Dial; pol dry the 
Lines 6,12, and 6,192. 

Laſtly, Takeone of 'the Lines, F2, ih Ws Com. 
palles, and carrying it to your Line of three Hours, 
deal with it as in the other Dials before; do the like 
with the other Line'6, x2: Andhavingfonnd the (c- 
veral points 11, Ic, 9, 8, 7, none Line, and x, 2, 3,4, 
5 in the other, through them drawnight Lines. and 
they ſhall be the true hour-lines of 


A dire& Eaſt Plain rechmng 3 deg.inthe Latitude 
of 51d. Zom. 


Or, 


Of anupright South Phain, deckiniing Faſhward 55 
deg.in the Latitude of 384. 30m: 


Now inthe king of this one Eaſt Redlining Dial, 
you have made4 Di + 


—_— 


Eaſt 46 Le | 
eCEclining 35d. 0m. 
An And ar \ | 
Eaſt IT 11199 
W eſe Caching 35.9. OMm:\'. 


By tumibg of the” Paper; | and” by | of the 


Lines through the Center, as $ hath och rlre da ſhew- 
ed inthe upright 


wy 


And now note, that'with nad begs of Dial al- 

oy nt, divers R loakrs 
or Stone, may'be furniſhed with 

Bur before Iproceed  farrhes fn this Diſcourſe , 7 
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- with give you;@ fight of two-North and |Souch 
Rechning'| Plains ; reclining 35.deg..in'the Latt- 
tude of 51 d.zom. the making whereof, is no 
other that» to make an Horizontal or Vertical 


d. nm. 
Add 35 d. the Reclination-—— ————35--00 
' To 38d. 30m. the compl. of Latitude——383-30 


The height of the Stile is ——————73--30 


Wherefore an Horizontal Dial made for the Lati- 
tude of 73 d. 30m. is a North reclining Dial 35 d. 10 
the Latitude of 51 4, 30m | 


Il. Example of a South reclining Plain 35 d.in the 


Latitude of $51 d. 20 th 
atitude of 51 d. 30 Fas 


Subſtra&t 35 d. the Reclinatione-———35-00 
From 38d. 30m. the compl. of Latititude-38--30 


_n— 


There remains the height of the Stile 03=39 


$0 that an Horizontal Dial made for the Latitude of 
3 4.35 m. will become a South Dial reclining 35 d. 11 
the Latitude of 51d. 30m. _ ; 


- 


| — And. 2:44 $ 
A North-Plain reclining 35 T1 al-FA South incl. 35- 


rthincl. 35+ 
ſo 2ANo Feb 


A Soitth-Plain reclining 35 d. 
reclining 35 0.5 70 


68 Pgoblemes in Dialling:© 

And ſo of 'any other Reclinationz tbr in all caſes, 
having made'one _—_— Dral, you havealſomade 
hisoppoſite inclining : Only if the North Pole be ele- 
vated over the one,. the South is over theother; and 
the contrary, And now I willgive you'a fight of 
theſe Recliners in Figure, omitting any farther Diſ- 


courſe concerning them inthis place, -: -+ 


io the North reclining Plain, ADs theSign of 96d, 
AB and AC theSign of 73d. 30m. _ 
BD and CD divided:from the Line of + hours, 
grves the hour-points, 


In the South reclining Plain,. *' ----* + © 
G 12, 1sthe Meridian Line. ; 
_ GH. thetrueStile; 
E F. the augmented Stile: © / 
.tK,and LM. the two Tangent Lines. 


How the forementioned Dials may be applied to the fur- 
niſhing of ſeveral Regular Bodies cut in Wood gp 


SFORee _.. 
»>5T i O / 


"X'S: the Horizontal; Dire&t North, South, -Eaſt and 
Veſt Dials will furniſh a Body of- Stone or 
Wood, cut ſquare in the form of a Die, as hath been 
beforemtimated; ſo will 'the upright declining Dials, ' 
together with the Eaſt, Weſt, North and South Recli- 

ners, laſt treated of, furniſh other Bodies with more 
variety: Now as the Eaſt, Weſt, North, South, and 
Horizontal Dials furniſhed a Cube; fo, if the eight 
Corners of a Cube becut off equally, the Body then 
will confilt of 14 Plains, viz; of ſix ſquare Plains, and 
eight triangular Plains; and this kind of Body Maſons 
and other Artificers do call a Canted Cube; and the 


declining and reclining Dials laſt treated of, will fur- 
niſh ſuch 3 Body of Stoneor Wood. | 


—— 


As for Example, 


It you ſeta Canted Cube upon one of the Squares, 
ang turn one of the Angular points to behold the 
South z then will the Square which 1s on your right 
| hand, be an upright South Plain, declining Eaſtward 

45 deg. and the Square oppoliteto it, will be a North, 
declining Weſt > have; + - -— ok | 
_ Likewiſe, Theupright ind which is on-your left 
hand, will bean aprighe South-Plain declining 45 deg. 
Weſtward, and its oppolitgSquare a Notth, declining 
Eaſtward as much. 


Again, 


| —_— —— 


Again, The uppermoſt triangular Plain which you 
| fer to bold theBourhy lth «Sutirechajhes)ce, 
25 deg. and theundermoſt Triangle, oppoſite toit, on 
the North ſide, will be &North Incliner 35 dep. alſ9; 
one Dial ſerving for both. 

Alſo the —__ _—— plain beholding the 
North , will be a North reclining Plain 35 deg. and - 
the undermoft triangular Plait beholding the South, 
will bea Southinclining Plain 35 deg.; one Dial ſer- 
ving for both theſe. | 

Likewiſe, The: uppermoſt triangular Plain on the 
right hand, is an EaſtPlain, reclining 35 deg. and the 
undermoſt an Eaſt Plain inclining as much. That up- 
permoſt triangular Plain. on your left hand, isa Weſt 
Plain, reclining 35 deg. and the undermoſt triangular 
Plain is a Weſt inclinjng asmuch. And one Dial ma- 
keth all theſe four. *' | 


And from hence you may gather that four Dials 
(belides the Horizontal) will furniſhthis Body of 
I4 Plains with Djals: For, 


7. The upright Dial declining 45 deg, will ſup 


ply 

th declining $yjplt 
: - 30 yo on bo veſt ! 
E*- | | | 


16 
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.{ 2+ The South Recliner 35 deg. will ſupply S, F 
: you Recliner 
= The C 2. 


North Incliner 


3. -The North Recliner 235 deg. will ſupply | 


South Recliner 
They c 2. 
North Incliner 


4- The Eaſt Recliner 35 deg. will ſupply 


_ CRecliner 


The 4+ 


Eaſt — c | 
Weſt elncliner 


5. The Horizontal ————— 


6. The Baſe on which the Body ſtandeth =—7z. 
In all I4. 

And thus you ſeethattheſe ſorts of Dials will furniſh 
ſeveral regular Bodiesz', and divers Bodies may be for- 
med tothem; and this laſt Body is one that 1s as uſu« 
ally-cut in Wood orStone as any. 


There 
E) 


P2oblemes in- Dialling, - | 73 
There are jndeed the five Platonick or regular Bo- 


dies; VIZ 


bin SUFL rnd [ 6.Square 

2. Tetraedron---- | Confiſt- 4. I riangular | .; 

The 43.Oftoedron w=n—= > ingof | 8. Triangular 7-5 
[petorcenczanll | 12.Pentagonal| A; 
5.[colaedronem- {20Triangular } 


All which (except the Cube) conſiſt for the moſt 
part of declining-reclining Plains. Theſe-Bodics are 
uſually cut in Stone, and the manner how to form 
them 1s well known to the more Ingenious Maſons; 
and ſeeing they are ſo common, and that we have no- 
thing in this Treatiſe concerning declining-reclining 
Plains, T will in this place only give you all the Re- 
ra (as height of Stile, &&c.) belonging to all the 

lals appertaining to theſe five Regular Bodies, toge- 
ther with Tables of the Hour-diſtances of each hour 
from the Sub-ſtile ; fo that having one of theſe Bodies 
in Wood, or Stone, you may furniſh it with Dials, by 
help of aLine of Cords. The Requilites and Tables 
which Iſhall here add, are thoſe of Mr. Wells's m his 
Sciographia; from whom lin ſome Meaſure tranſcribe 
them: And, 


I. Of the CUBE. 


'A Cubtis a fol Body, comprebended under fix 
equal Geometrical pg 


This Body is capable of five ordinary Dials, the 
th Square beingthe Baſe to ſtand uponz wherefore if 


Ll you 


{ 


44 Pzoblemes in Dialling, 


you ſet any one ſide to behold the South, theSquaregn 
the right hand ſhall behold the Eaſt 3 that on'yourlek 
hand, the Welt; and that oppoſite, or behind that 
which bcholdeth the South, ſhall look towards the 
North : So that the five ordinary Dials, viz. Hoyj. 
zontal, Faſt, Weſt, North and South Dials will furniſh 
this Body with Dials, as hath been before hinted; it 
being ſituate inthis Poſition. | Ss 
But; if you' place one of the Angles of the Cube 
to behold the South, then will. the Square that is on 
your right hand be capable of a South-Dial declining 
Eaſtward 45 deg. the Square on the left hand ,.of a 
Sth declining WV ward 45 deg. the Square oppo- 
ſite to that Square'which declineth fromthe Soul Ee 
ward, will be capable of a North Dial, declining welt- 
ward 45 deg. and that oppoſite to the South declining 
Weſt,will be capable of a North, declining Dial Eaſty, 
45 deg. And ſoby ſettihy th four Anples Fe hold the 
Eaſt, Weſt, North'and Sout -Points, the Body will be 
furniſhed with 5 Dials of another kind differing from: 
the former; in every, of which four Dials lining 
45 deg. er Ry Wy [1 
Diſtance of tfe Sits-tit% Rom foIY d, . MM. 
The 3 | the Meridian, 1——— F —— 29---20 
Height of the Stile is 


— 26---00 


And the diſtance of each hour-Line from the Sub- 
ftile, will be ſuch'as is expreffed in this THieFoll : 
ing. Sothatby the help'of Line of Cordsonly,.you 
may draw.your Dials, anil finiſh your Body... - | 


A 
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the gt ances for an wright South-Dzal, 
ure xl Tank Eaſt or Weſt. 


CG ——— 


Hour-Diſtances 
| | from the Sub- | 
. ſtile, 
| 
i 


vi4in 
3 


IO 


13 
29 
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CC 


— 


I. of the TETRAED RON, 


He Tetraedron isa ſolid Body comprehended under 
four equal equilateral Triangles: 'So tsthisbody 
capable of three Dials, ceclining 19d. 28 m. and a Ba- 
ſis whereon to-ſtand.. Now it one of the Angles be 
ſet to behold the South, the Plain oppolite to that An- 
gle, willbcadire& North-Plain, reclining 19g i 
| . 6; 

North or --28 

Compl. Latitude Add ————38--30 


—_— 


Height of the Stile——-— 57--58 


; The Hour-diſtances from the Mer idian. | 


Hours | from | Jour-di-, | |Hoprs from|kjour-Di- 1 
the Mert- {ſtances on| || theMeti-\ſtances on 
dian, the Plain, A dian;* [the Plain. 

I2 - 00! - 1, 
| T ” 8 4 301 
i 1 *. Ml way | - 44 
ww b : - © | EY 93} 
© 4 5 - 27 
- - WW 1 3v*- 6 - 10 

i. s TR1-- | - OO 

| 285 EOS bl 

jv mY - | 
oe | | | The 


| | THT | WV 
= : ' + +» 1x [1] 
- T7 — . LS LIE4 . | 
_ * co --—- - o | 


P2oblemes-in-Dialling, 77 
Theother two are South Plains, reclining 19 deg. 


28 min. and declining, the one Eaftivard., and: the 
other Weſtward, 60 deg. 


In both which Dials:. 

C1 | F- 4 d. Mm. 
Diſtance of the Meri-#-/:-. 

= dian from the Ho-P——-—=—60--00 
TS [IZON I— | 


| Diſtance of 'the Sub- | 

ſtile from the Me-g————=—— 2-7 

© Tidian  _———). 5 
ThegArch of the Meridian | 

| betweenthe Plain Ein 5--16 

"R andthe Zenith—- 

I -Height of the Pole ER TDi: 

CC . abovethePlains TT "EFF 


, 5 Ip p | 
lactnatio of Mend. C 54-47 
And therefare the Subiile falle h between. the hours 
of 8 and 9 in the Morning in tHe Eaſt decliner; and 
betweenthe hours of 23 and 4 in the Afternoon in the 
Weſt Dial; and the hour, and half-hour-diſtancesare 
as inthe following Table: One Dial ſerving for both 


Plains. 
6ll 
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The Hour-diſtances for the two South-deelining-reclining 


Dials. 
W Hour-dilt.: 
Hoursfrom from the 
the Subſtile. Sub-ftile. | 
En —— — 
Hours d 'M. 
- © 
F9-: ----3-9 
- O 
IO 2] © 
| 3 FH 
Il 0 
_ | 2 
Il'2 127 2 
_—- 
bi S © 399 ir 
=> && bo 
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4 1121.44.71  Hour-dift, 
ours from | from the 
Y ae] -dubſtile, - 
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TH. Of the OCTOEDRON, | 


Tx OFoedron 184 ſolid Body comprehended under 
eight equal equilateral Triangles; fo that the Bu: 
dy will be capable of 7 Dials befides the Baſis on whic't 
it ſtandeth. enif you ſetone of the Angles tobe- 
hold the South, the inclining Plain under that Angle, 
ſhall bea South Plain inclining 19 d. 28 m. and the op- 
polite Triangle ſhall be a Northreclining as mach; and 
the declining and reclining Plains, asalfo thedeclining 
inclining Plains will alſo deeline 60 deg. and recline 
and incline 19 d. 28 m. as did the Recliners in the Te- 
traedron;, fo that the Dials of that Body will ſerve to 
farniſh this Body with Dials ato-3- the inclining Plains 
being deduced from the Recdmers, asan Eaſt Decliner 
is made to fupply a Welt Decliner, And this may be 
nfade evidently to appear ,/by joyning the reclining 
fide of the Tetraedroy, to theinglininglide of the 07o- 
cAron; The Dials therefore for this'Body being the 


ſam6 as for theother-theformer Tables willſerve, and 


ſonothing more need be faid concerning it. 
; y ( grew IF on | 
. 4 Ws FF 


SR — 


=. 
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BY TER, &<... DODECAEDRON. 

T e. Dodecaedron is a Solid Body comprehended 
"under Twelve equal cqtiffareral*vrit/equiangled 
Pentagons, This Body is capable of cleven Dials, be- 
ſides the Baſis upon which it ſtandeth. Wheretore, 
if you ſet any of the- Anglcs. of the Horizontal Plain 


to behold the South, rhe inclining Plain under that 
Angle, 
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Angle, ha!! be adire& South Plain, inclining 26 d.34 m, 
and its oppoſite, ſhall bea North reclinmgasmuch. 

Moreover, the two reclining Plains, whole ſides 
do contain the Angle that beholds the South, ſhall be 
the one a South declining Exſtward, and the other a 
South declining Weſtward 36 deg. and either of them 
declining 26 deg. 34 min. And the two Plains oppo- 
ſite to them ſhall be, the one a North declining Eaſt, 
and the other a North Declining Welt 36 deg. and re- 
clining alſo 26 deg. 34 m. ſo that one Dial ſerveth for 
all tour. 

Again, the two reclining Plains which lieon cither 
ſide of the dire& North Recliner, do recliue equal 
thereto, viz. 26 deg. 34m. and decline from the North, 
the one towards the Eaſt, and the other towards the 
Weſt 72 deg. And the two Plains oppoſite to them, 
incliningalſo 26 deg. 24 min. do decline alſo fromthe 
South, the one towards the Eaſt,” the other towards 
the Weſt 72 deg. And one Dial ſerveth for all theſe 
four alſo. So that three Dials, beſides the Horizontal, 
will ſupply all the Plains of this Body. TheRequilites 
with the Tables of their Hour-diſtances here follow. 


1. The North-Recliner 5 0 0 of 
And —_— 26-34 

The South-Incliner, 
Compl.added ——<—— ———38--30 
Theheight of the Sile —————— : —=65= 4 


The 


3r 
The Howr-dil ances the" the North Recliner » 4nd the 


South Tucliner. * 


es, im Dialling, 


o we 


Hours from Hour-di- | [Hours from[Hour-Dij- 1 
the Meri- ſtance from the Meri-|{tanc. from 
dian., {the Merid. dian, the Merid. 

12 00. = 00] R 
* ajx6,5-..49) | 8 4; 149 -»45 
it, I JI3 £39 P 37-. <*:30 
- _[20#- 35 7 $$ j6$.- oo 
io 2 (27 - 38| MAES | NT. 
= [34 - 49]. | 6 6 8 + 44 
9. $4463... +23 /CI6E 90 = OO 

& [ Yr” "9 


The two North Recliners, and cheir op pore Saut Soutly 
Incliners inclining 72 deg. have the ſame 


for all forms, changing of the. poſition of the Sub- 
ſtile and the naming © the hours, asis before direct» 


&d, the R oy tes whereof, with the Table of Hour- 
ſtances fo llow.- 


North Reelining,  &d. m 
or 2 4 2634 
South inclinin —_ 7 ee 


——_— _— — —— nn em OO OC oo . » = 


x 
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iſtance of the Meri- 
dian and the Ho-f— 
rizON - | 


Arch of the Meridian , 
$ —_—— 


between the Plan 
and the Zenith —= 
Thez2 Height of the. = 


Diſtance 'of the. Sub- 


{ſtile from the 75 ER 5 
ridian 


— 


2 ARE of Merid. £ 


550 


The HoureDiſtances for the North Yeclining,” and " 
South inclining Plains, declining 36 deg, 


Hour-dilt, Hour-dift. - 
Hoursfrom | from the ours from |'from the || 
the Subſtile. —— he Subſtile.} Subſtile. 
- ren m Hours. | d. mM. 
: SC . | 7 I 42 
a | 6 © _ 5 
1. Z | 9 
5 _ 41 - 114 
ATE. 3F. 3 --gþ8 
: 24 $9 +--- 24 
{i 9 3\31 2 TORO 
om 38 26 - 'v4 
IO 2147 . | 1146 
= 57 35] i. & 6 
Iy rj69 $I 2 12168 
52 
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The two South Recliners, and their oppoſite Incli- 

ners, declining 36 deg. o min. have alſo the ſame Di» | 

ſerving for all foux, obſerving the former Cautions 

2z, changing of the Hours, and turning the Subſtile 

tothe contrary Coaſt. The Requiſites whereunto fol- 
low, and alſo the Table of the Hour-Diſtances. 


d. m 
South Reclining, . 
_— —— m 26 34 
North Inclining | 
Declining Eaſt 
and Welt— 36 oo 
1. The Diſtance of theMeridian —_ | 
the Horizon. 72 ©0 
2. The Arch ofthe Meridian between 
the Plain and the. Zenith © 95. 0g 
. TheHeightofthe Style —_ 05. 44 


the Meridian 3 ©03 3 


3 
4. TheDiſtance of the Sub-ſtile fro Y 
- TheInclination of Meridians, ; 


"\ 


$4 


P2oblemes it Dialling: 


———— 


Hours from ſtances from 
= Subſtile. —— Subſtile. | 


Hour-Di- |* | 


Hour-Di-” | 
Hours from ſtances from 
the Subſtile.'the Subſtile. 


The Hour-Diſtances for the 8onth reclining, and the 
North inclining Tlains, declining 36 deg. 


_—_ 


hy .-_ 


I2 


S 


2 


go” 


I2 


II 


m.' | Hours. 
I r| - 


_ 
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V. Of the ICOSAEDRON, 


TH Tcaſaedron is a folid Body, comprehended un- 
dertwenty equal equilateral Friangles, and there- 
fore is capable to receive 19 Dials,. beljdes the Plainor 
Balis upon -which the Body ſtandeth. Then-1f - you 
ſet any of. the Angles of the Horizontal Plain to be- 
- hold the South, the reſt of the Plains will have ſuch re- 
clination, - inclination and declinatwn as is hereunder 
exprefled. - ft 


-— 


1. Horizontal — I 


2 


6. North gcclining, and South mclining 79d! 28m. 
. anddeclining Eaſtand Weſt. 37d. 44 = Oe"-n. * 
Mitt] 3:7; In/alli=— 19 

(ON ICI 

The Requiſites, with the” Fables of the Hour-Di- 
{tances proper toall which Plains here follow-in their 
Order, | 1! BY 571 Io 1219H " id. m. 
7 Ode. = p L48 11 


8E 
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The Hour-diſtances for, the North Reclining, and the 
South Inclining Plains. 


[Hours from Hour-di- | | Hours from Hour-Di- | 
the Meri- ſtance from the Meri-| ſtanc. from 
dian. the Merid. | cian. the Merid. | 

| Hours, d m.| } Hours: | d, m. 

I'2 OO = OO 3 9 ++ %; 37 

| : No. $2 -,*-; 27 

nd 5 a -- 4 8 |59 - 57 
- 22 - 28 - 67 .- 28 
2 1 [29 .- 57] | 5 7 174 - 59 
2 IDF u 62 - 29 
le MR... ms 6 6 190 = ool 


x. The two South Recliners,and chei oppolite Incl 
ners 438d. 11m. declining 60 eg. have the ſame 


Dial ſerving for .all four, iving © e former Cauti- 
ons, the Requiſitesand Table of Hour-diſtances there- 
unto c— follow. 


I. The Archof the Plain between the Meridian and 


Horizon 37 46 
2,.The Arch of the Merid. between the Fg and 
:1Zenithe 21561 7: 19.017 (6g 54 
3 The Height of the Pole or Stile. 22 6 

4. The diſtance of the Subſtile and the Me- 
- Fidian. — - - 16 41 
= —_ incnatiog of Meridians, {000 


4.0 The. 
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Honrs from [ſtances from =!Hours fromſtances from 


57 
The Table of the Hour-Diſtances. * 
ly " Aour-Di- Shu  [Hour-Di- 1 


> —_ —_ 


The twoSouth reclining and North inclining 19d, 
28 m. -and declining 244. 14 m. haye the ſame Dial 
ſerving for all four, © the . Requiſites . and Table of 
Hour-Diftances follow. {ns 


I. The Archof the Plain between the Merid. 
- andHorizon. . . - 
2. The Archof the Merid: between the Plain 
and the Zenith. . |..." 20. 54 
3. The Heightof thePole qr Stile above the 
Plain. \ -. I6 22 
4. The diſtance of the Subſtile from the Merid. 6 27 
5+ Thelaclination of Meridians, ., -- 21.. 50 


02.14. 


The 


che Subſile. che Subſtile. | (the Subſtile the Subſtile: 

Hours.” | d.* mn. Hours (| d. fm. 
- | © 24 | - Tf 

I9 2\ 3 I4 2 3' 5 a2. 
- | 6 II - þ 8 25 

I il 9 I9 8 41 45 

| .; X02 45 ... my 32| 

[2 12/16 42 7 5119 56 | 

- 21 I9 - 25 17, 

I 1127 © 6 6132 o 

St - o—— = 
2 10143 45 5 732 3 
- {56 34 - 68 I3 

| 3 9173 I6| | 4 97 220 
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— Table of. the Hour-Diſtances, 


Wa our-D1- | -  jHour-Di- 
Hours from [ſtances from Hours from {tances from 
the Suſtilc.|che Subſtile. the Subſtile the Subſtile. 
_ Hours. | d. m. Hours | d. m. 
II I 1 56 O II 

s, 14 7| Þo 2 2 I9 

I 2 = yo. 7 | 4 32 
, | 9 © 9 3,6 53 

I EJirL 55 [9 29 
- I5 24. 3 412 30 

2 Iolg _ 44 þ 6 6 
- 25 26 7 5.20 37 

3 9133 22 - 6 38 
OW .- 9 6 635 6 

| 4 m_ 8 * 7 49 
Ee - 1.1%; 36 59 


The two middle North Plains reclinin 5m m 
and their oppoſite South inclinj _—y od. 


82 d. 14m, have the ſame Dial erving for mr won our, 


whoſe Recuifites and Table of Hour-Diſtances fol- 
low. 


I. The Arch of the Plain between the Meridian and 
Horizon © 


"2, ns : A306 of the Merid, between che Plain and 
0 
© 3. The Height. of thePole or Stile above the , : | 
Plain 19 4 


4. The diſtance of te bl he 7 


ridfan, Af3 
"5: The Inclinatiori of jt; Jr 8 3 25 
The 
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The Table of Hour Diſtances. 


ours from ſtances from 


, "A Hour-Di- | ; 


85 


Hour-Di- | 
Hours from ſtances from 


follow, 


heSubſtile.|the Subſtile.. the Subſtile. the Subſtile. | 
Hours. | d. m. Hours. | d. m. 
- O I9 6 6 2 I5 
b-.02.2 * © |: 
= 3 33, / s: # 40 
4 8\ 8 23} « To 43] 
Wu x1 31 8 414 _ 
3 915 6] | - 18 I4 
- <9 2} f9 voy. 
[ 1024 38 s. 35 
- 31 389 10 2 38 & 
I 11/40 gay FE 0 I 
- 53 37 IT 1 66 26 
2 12/71 pl Eo ap 17 


The other two North Recliners 19 d.28 m.and their 
oppolite Incliners do decline 37 deg.46 min. One Dial 
ſervesall four, whoſe Requilites and Hour-diſtances 


I. The Archof the Plain betweenthe Meridian and 


Horizon | 


7 1 
2, The Arch of the Merid. between the Plain and 


Zenith. 
Plain. 
ridian, 


5. The Inclinatioh of Meridians. 
Nn 


4. The diſtance of the Subſtile from the Me- 


4 6 
3. The Height ofthe Pole or Stile above the. 46 26 


2 


56 54 


The © 
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The Table of the Hour-Diſtances. 


i ers 


 Hour-diſt. 
Hours from | from the 
the Subſtile.! Subſtile. 


— —— 


Hours, | d. 


—c 


m, 
I 2 


41 
19 
I2 


24 
2 


| 


13 
2 


32 
44 
32 
44 

| 


— pa mn... 
| Hour-diſt, 
' Hours from | from the 
the Subſtile. | Sub-ſtile, 

- Hours. d m, 

& 4| 2 14 

. pf 

7 5113 I9 

- [9 4 

6 6125 I7 

- 31 50, 

5 739 55 

- 46 37 

4 855 I 

s 64 4 
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And thus have I ſhewed, how you may furniſh thelc 


five Regular Bodies with Dials; as alſo the Canted 
Cube, aftera moſt artificial way: Burt in regard that 
many times you may light of ſome of theſe Bodies rea- 
dy cut, yet ſomewhat irregular, ſo that if you ſhould 
draw Dials on them, exattly following the true Rules 
of Art, the Dials (poſſibly) may not fo exaftly agree 
one with another as 1s defired ; therefore a more Me- 
chanick way may be uſed to bring that Artifice about 3 


and that 1s this: 
When you would draw Dialsupon any of theſe (or 


other 
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other Bodies) firſt be ſure to draw the Horizontal and 
Vertical Lines of each Plain very exaGtly ; then ſet 
off the Arches of the Plains between the Meridians 
and Horizons in their true poſitions and ſituations; and 
fromthence the Subitilar diſtances, the right way allo. 
Then upon your Subſtilar Lines erect your Stiles at 
their true Angles, and be ſure that the ends of your 
Stiles do always reſpect the true Poles of the World, 
which you may partly diſccrn ; for if there be an hun- 
dred or more Dials upon one Stone, the Stiles of all 
of them muſt reſpe&t both the Poles, and be all of 
them parallel one to another z and be ſurealſo to e- 
rect all your Stiles perpendicular to your Dial Plains, 
Having proceeded thus far with all the Dials on your 
Body, of What form, ſoever* (cither; regular or irs 
gular.) you may prgceed to the pricking on of ths 
Hour-points ( which I would adviſe you to do, ta 
prevent groſs Miſtakes ) but not to draw the Hour- 
Lines out till you have made ſome trial in the Sun: 
For having made your Horizontal Dial true, if you 
bring your Body into the Sun-ſhine, and turnit about 
till the ſhadow of the Stile of the Horizontal Dial 
fall upon any deſired Hour, then will the (ſhadow of 
all the Stiles upon the ſeveral Plains (on which the 
Sun at that time ſhineth) ſhew that ſame Hour on thoſe 
ſeveral Plains; as if you hold or turn the Body fo 
that the Shadow of the Stile of the Horizontal Dial 
ſhall fall upon 10 of the Clock, then will the Sha- 
dows of the Stiles of the other Plains give the true 
place of 10 a Clock upon their reſpective Plains, 
and foat any other hour; and in this caſe it 1s not 
abſolutely neceſfary , neither that the Horizontal Dial 
(during this work) ſhould lie directly Horizontal; 
Nn 2» - but. 
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The Table of the Hour-Diſtances. 


I Hour-diſt.” | 7 Hour-diſt, 
Hours from | from the  Hoursfrom | from the 
the Subſtile.] Subſtile. "the Subſtile. | Sub-ſtile, 
Foto T4. a Hours. [4 mn. 
- ar . & 4] 2 I4 
9 | 3' o + = / 45 
= T4 I'9: 7 5jI3 19; 
To 2,20 12 - 19 9 
- 26 24 6 . 6125 17; 
TI 133 2 "> BI ——- 
bk. © |. MO 13 5 7,36 55 
12 1248 2 ” yo. -- 
= --:jF6 32 4 855 0 
165 44 " £1104 -— 4 
6: - ' oy 32 6 973 46 
: 1085 44 m— "oY 55 
L- ER. | | 


And thus have I ſhewed, how you may furniſh thelc 
five Regular Bodies with Dials; as alſo the Canted 
Cube, aftera moſt artificial way : But in regard that 
many times you = light of ſome of theſe Bodies rea- 
dy cut, yet ſomewhat irregular, ſo that if you ſhould 


draw Dials on them, exadtly following the true Rules 
of Art, the Dials (poſſibly) may not fo exaftly agree 
one with another as 18s deſired; therefore a more Me- 
chanick way may be uſed to bring that Artifice about 
and that is this: 


When you would draw Dials upon any of theſe (0X 
Otner 


W. 


other Bodies) firſt be ſure to draw the Horizontal and 
Vertical Lines of each Plain very exaGly ; then ſet 
off the Arches of the Plains between the Meridians 
and Horizons in their true poſitions and ſituations; and 
fromthence the Subſtilar diſtances, the right way alſo. 
Then upon your Subſtilar Lines erect your Stiles at 
their true Angles, and be ſure that the ends of your 
Stiles do always reſpect the true Poles of the -World, 
which you may partly diſcern 3 for if there be an hun- 
dred or more Dialsupon one Stone, the Stiles of all 
of them muſt reſpect both the Poles, and be all of 
them parallel one to another; and be ſurealſo to e- 


till the ſhadow of the Stile of the Horizontal Dial 
fall upon any defired Hour, then will the {ſhadow of 
all the Stiles upon the ſeveral Plains (on which the 
Sun at that time ſhineth) ſhew that ſame Hour on thoſe 
ſeveral Plains; as if you hold or turn the Body fo 
that the Shadow of the Stile of the Horizontal Dial 
ſhall fall upon Io of the Clock, then will the Sha- 
dows of the Stiles of the other Plains =o the true 
place of 10 a. Clock upon their reſpective Plains, 
and ſoat any other hour; and in this caſe it is not 
abſolutely neceſlary , neither that the Horizontal Dial 


(during this work) ſhould lie dire&tly Horizontal; 
Nn 2 but. 


92 Pzqoblemes in Dialling. 


but being turned about, or held in any poſition, it 
will effet the ſame thing: But of this Mechanical 
way, I ſhallfay no more, it being ſo obvious; and 


ſo I ſhall conclude this Tract of Dialling, 
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Lhe Uſes of the Circles 


INSCRIBED 
In the Quadrantal part of the Back- 
ſideof the INST. RUMENT.. 


— 
— HO. 


SECT. IIL 


He Circleson theBack-(ide are 1. The 
Equal Linb,dwidel into god. 2.A Cir- 
cle of Right” Aſcenſions in Time, viz. the 
whole Quadrant being divided into 24. 
equal parts orhonrs, and numbred from 
the Left hAnd towards the Right by 1, 2, 3, 4; &c. to 
4 _ hour containing 3 deg. 45 min. of the equal 
imb, 

3. A Circle of right Aſcenſions in Degrees and Mi- 
mites, the Quadrant bemg <vided into 360 equal 
degrees; fo that one degree of rhe-cqualt Limb is e- 
_ to 4d. of this Circle of right Aſcenſions, and 
this Circle js numbred from the right hand towards 
the left, by 10, 20, 30, &e. to 360. > 

4. A Zodiack , or Ecliptick, rathcr, it having at & 
| very 3oth deg. of the Circle of right Afcenſions's 
CharaGter of one of the Signes of the Zodiack 3 as, 
at the beginning, towardsthe right hand, 1s 73 at Zo 
d. forward, is 5; at 30d: more forward, is It 3 fo ® 


ON 
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at 180d. and X at 330d. and 360 d. at the endnext 
the left hand. | ; 

'5, Is a Circle containing only the Characters of 
Stars, as * * , with References from them to their 
Names placed above. 

6. The Sixth Circle contains the Names of thoſe 
Stars, whoſe Charactersarein the Circle below \, in- 
ſcrted according to their right Aſcenfions. | 

7, In the Seventh Circle is ſet the: Declination of 
thoſe Stars ; and, | 

8. In theEighth Circle, their Magnitudes. 


Prob. 1. 


How to find at what Hour any Star expreſſed in- your 
Inſtrument ( or any other whoſe right Aſcenſion and 
Declination is known) cometh to the Meridian any 
Day in theTear. 


O perform this Probleme Arithmetically, this is 
the General Rule; 


Subſtrat the Suns right Aſcenſion for the Day or 
Night propoſed, from the right Aſcenſion of the Star (ad- 
ding to the Stars right Aſcenſion 24 bours when Sub- 
ftraFion cannot be made without it) and the difference 
(or remainer) is the time of the Stars being upon the 
Meridian: and if this Difference or Remainer be leſs 
than 12 hours, it ſhews the Time Afternoon , or that 
Night that the Star will be upon the Meridian ; _ 

Fhe 
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the difference exceed 12 hours, then reje@ 1: 
and the overplus is the hour the next Morning, th.t 1c 
Star will be upon the Meridian. 


But to work this upon the Inſtrument, this is the 
Rule; 


Lay the Thred to the Stars right Aſcenſion connted in 
the hours-Circle, from the left hand towards the. right, 
and thereto (if you will) lay the Thred, then take in 
your Compaſſes the Diſtance from the beginning of the 
Circle, to- the Complement of the Suns right Aſcenſion ; 
this diſtance = the hour-Circle, ſhall reach from 
the Stars right aſcenſion, to the time that the Star will 
be upon tbe Meridian. 'S 


Example 1. 


Let it be required to find what bour the Bulls Eye will 


be upon the Meridian, upon the 23 of RY 
;* mk. 


The right Aſcenſion of the Bul/s Eye 15 —4 16 


The Suns right Aſcenſionis. 18 h. 53 M2 - ; 
its Complement — 3 


bl. 


Take in your Compaſles (from the beginmng of 
——he hour-Circle to5 h. 7-m. (the Complement of 
— theSuns right Aſcenſion) then ſetting one foot of this 
Extent to the Thred, or at:4 h. 16 m. (the Starsright 


Aſcenſion) the other point of the Compalles will fall 
upon 9 h. 23 m. at which time the Star will be upon 


the Meridian at night, becauſe the point of the Com- 
 palles fell ſhort of 12 a Clock. Fane 


"0 — 


os The-Uſes of the Circles; 


Another way to effeT the ſame, 


Take in your Compaſſes the diſtance between the 
Stars right Aſcenſion- (4/h.'75m.) and the Suns right 
Aſcenſion (18 h. 53 m.) ſet one foot of the Com- 
paſſes at the beginning of the Hour-Circle, and the 
other foot will tall upon 2h. 37 m. the Complement 
whereof 1s 9 h. 23 m. thetime of the Stars' coming to 
the Southis before. 

There - are other ways to perform this work upon 
the Inſtrument 3 but the firſt1s the beſt : Wherefore 
take another Example or two. 


Example 2. 


Let it be required to find at what hour t he Great Dog 
will be upon the Meridian upon the ſame day, viz. the 23. 
of December. | 

yuh pn h. m. 

The right Aſcenſion of the Great Dog is—— 6 30 

The Complement of the Suns right Aſcen-z5 7 
- fionthat day is————— fra] 


Set one foot of the Compaſles in the beginning of 
the hour-Circle, and extend the otherto-the Com- 
plement of the Suns right Aſcenſion, (vis. 5 h. 7. m.) 
the ſame extent will reach from 6 h. 30 m. the Stars 
Aſcenſion, to rt h. 37 m.at which time the Great 
Dog will be upon the Meridian 'on the 23. of Decem- 
ber at night, becauſe the Compaſs-point fell ſhort of 
12 of the Clock, ? 


Example 
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Exarpple 3. 


Upon the 21 of January, T1 would know when the 
Bulls Eye wil be upon the Meridian. 


h. m. 
Bull's Eye Tight Aſcenſion ——w—— ——4 16 


Complement of the Suns right Aſcenſion is--3 2 


Set one foot at the beginning of the Circle of 
Hours, and extend the other to 4 h. 16 m. the ſame 
extent will reach from 3h. 2 m. to 7 h. 18 m. At 
_ timethe Bulls Eye will be upon the Meridian at 
night. | 


Example 4. 


Let it berequired upon the ſame day to find when the 
Lions Tail wil/be upon the Meridian. R 

zl 

Theright Aſcenſion of the Liows Tail i1—11 36 

Complement of the Suns right Aſcenſion 1s---3 2 


Set one foot of the Compaſſes in the beginning of 
the Hour-Circle, and extend the other to the right 
Aſcenſion of the Lions Tail, viz. 11 h. 30. m. the 
ſame extent will reach from the Complemenr of the 
Suns right Aſcenſion ( viz. 3 h. 2m.) to 2 h. 32M 
wherefore at 32 m. paſt 2 the next morning the L70#s 
Tail will be upon the Meridian, becauſe the Compals- 
poine fell beyond the middlemoſt 12h. hour in the 

ircle, 


Oo + Example 
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Example 5. 


Let it be required to find at what time Fomahant com 
eth to beupon the Meridian the ſame 21 of January, 


In this Example (becauſe that F omdhant hath great- 
erright Aſcenſion than 12 hours, and ſo ſtandeth on 
the right hand of the 12, which is tn the middle of 
the Hour-Circle) you muſt, therefore, take the di- 
ſtance from 12 in the middle of the Circle to Foma- 
hant, his right Aſcenſion being 22h. 38 m. from which 
abating 12 h. there remains ro h. 38 m. and that the 
right Aſcenſion muſt be counted to be. Wherefore 
_—_ the diſtance from 12 in the middle of the Circle, 
(or from the beginning of the hour-Circle as before) 
to Io h. 38m. the fame extent will reach from 3 h.. 
2 m. the Complement of the Suns right Aſcention to 
rh. and 40m. beyond 12 in the middle of the Cir- 
cle, and therefore Fomahant cometh to the Meridian 
at 40 m. paſt x of the Clock. 


Note, Thatthe Amplitude, the Aſcenſronal Difference, 


and confequently the Riſirg and Setting of the Stars, 
and alſo the Stars-hour from the Meridian, are all to 


beſound by the Lineson the Quadrantal part of the 
foreſide of the Inſtrument, in all reſpeds as the ſame 
things were found for the Sun ; For the declination of 
the Stars, they are inſerted in the Inſtrument, each 
againſt its reſpeQtive name 3 and their right Aſcenſions 


are allo given by the applying of the Thred to the 
Starz wherefore we will now proceed, 


| Prob. 
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Prob. 2. 


O find all the forementioned Particulars, inſtan- 
cing in the Bulls Eye, upon the 23 Day of De- 
cember. 
| And, 
1. The Declination” 8 © 
+ , North of this Star by this ſide{,r5 4 
2. The right Aſcen-C ; of the Inſtrument, is{h. m. 
ſton a TW 2 


But, 
3. To find its Amplitude, 


Lay the Thred to;15 d. 48m. counted inthe equal 
Limb, from the Line of the Suns Altitude (or Line 
of 604.) towards the right hand, becauſe the Star 
hath North Declination. Then take with your Com- 
paſles the diſtance from Aries or Libra to the Thred, 
and applying that Diſtance to the 4zimth-Scale pro- 
perto your Latitade,. from go d. the Compals-point 
will fall upon 25d. 54m. and ſuch is the Amplitude 
of that Star, {1 M | 


Then, ” * 
4. To find its Aſcentional Difference, 


; Lay the Thredto the Stars Declination, counted 
upon the Limb from the Line of 60 (as before) and 


the Thred will cut the hour;Scale proper to your La- 
Oo? titude, 


. 
* 
em 


—  dw.._ 
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titude, at 1 h. 23m. counted from 6 a Clock, and 
that is the Stars Afcentional Difference. 


Andby the ſame application of the Thred , will 
be found 
5,and 6. The Stars hinr at the time of his Riſing and 
Setting. 


For, the Thred will reſt upon 7 h. 23. m. on the 
hour-Scale, which is the Stars hour at the time of 
his Setting from Noon, or upon 4 h. 37 m. for the 
time of his Riſing after Midnight. 


And from hence will follow, 


I. To find how long any Star continues above the Hori- 
LON * 


The Rule. 

North 5 Adde 
If the Star hath) EDeclination 3 
| South Subſtract 


the Aentional Difference of the Star in time 
O | Sum 
IL ot 6 hours,and the Remainer 


is half che tfme that the Star continues abovethe Ho- 
TIZON. 


Example. 
ae = hh. m. 
The Aſcentional difference of the Bul/s Eye is—1 23 
To which add oy 6 00 


-— —— aww 


The Sum is —=———c—_—_— 23 
The 
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The double whereof 14 h. 46. m. is the time that 

the Star continues above the Horizon in Latitude 51d, 

om. and this taken from 24 h. leaves g h. 14 m. for 
the Notturnal Ark of that Star, 


But to perform this up0n your Inſtrument, this is 


The Rule. 


To the Aſcentional Difference of Stars of 
North 2. *% beyond 23. 

Declination counted ; 6 Set one 
& " +: ' FCShortof 


South 


foot of your Compaſſes upon the beginning of the 
hour-Circle, and extend the other foot to the Aſccn- 


Beyond 2 
tional difference of the Star counted + _ 26, 
_ | IO LO Short of 


and double that Diſtance - upon 'the Hour-Circle, {o 


Nocturnal 
Ark, if you count all the hours from the beginning 0 
the Circle. 

Thas, if you. ſet. one foot of the Compaſles upon 
the beginning of..the hour-Circle, and extend the 0- 
ther to 1h. 23mbþeyond 6,) (viz. to 7 Nh. 23. m.) that 
diſtance doubled ſhall extend to.2 h. 46 M- beyond the 
middle 12 in the hour-Circle, that is 14 h. 46 M- from 
the beginning of the Circle, and thar 15 the Diurnal 
_ We CIA; | f1 

And if you take the diſtance from the beginning 
ofthe Hour-Circle, to the 23 m. ſhort of 6 (viz+ tO 


ſhall the moveable point fall upon te) 


+ 


=> —_— —  — — 
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4 h. 37 m.) that diſtance being doubled ,. ſhall ex- 
tend to 9 h. 14 m. which isthe Nocturnal Ark of that 
Star. | | 


Il. To find the time of a Stars Riſing and Setting, 


The Stars hour at his Riſtng orSetting 1s not the true 
hour of the Night; but it is thediſtance of time ſince 
theStar was laſt upon the Meridian, and here you are 

North | 
to obſerve, That if your Star haved c Declina- 
F; - ;FSquth 
tion, he Stars hour at his Riſing muſt be reckoned 


efore 
bg bes © Six of the Clock; Artif 
after | Te 

after TE 5, 

its Scrting} © Six of the Clock. And from 
before » 

hence we may colle&'the true time of the Day or 
Night that the Starriſeth or ſetteth. And to perform 


this Arithmetically, this is 
The Rule. 


Adde the Complement of the Suns right Aſcenſton, tlc 
right aſcenſion of the ſtar, antlthe lars hon? dt the time 
of his Riſmg,the Sum of all three (calting away twelve 
hours as ofteti'as you can) (fall be the true honr of the 
ftars Riſing.” __ 7 PUT OL 

Thus: | 0 rH: HO on, 

The Right Aſcenſion of the Buſs Eye——4** 16 

The Compl. of the Sunsright aſcenſ./Dec. 23, '& rey, 

| CL SA&Q | 


+ 
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TheStars hour at his Riſing by the foregoing 4 37 


——— 


Reſts —————— 2 '00 
Which muſt (by-the laft) be 2 of the Clock in the 
Afternoon 4 and for that by the-firſt Prop. the Star was 
upon the laſt Meridian, at 23 min. after 9 at night. 
And for the time of this Stars Setting , the ſame 
courſe mult be taken. Wheretore, 


h. m. 


The Right Aſcenſion of the Bus Eyy————4 16 
Complement of the Suns Right Aſcenſion ——5 7 
The Stars hour at his Setting ——= =——__—— 23 


— — 


The Sum ———— oo mm—_— _—_————— 76 46 
Shbſtradt 15 houngemanrooo coca. -2 00 
Reſts ooo nm nn rn em nr nr nm — — 46 


So the true hour of the Starsſerting will be found to 
beat 46 m. paſt 4 in the Morning. | 


To perform this by the Inſtrument : 


Takein your Compaſſes the diſtance from the be- 
ginning of the Hour-circle, to 4 Þh. 37 min. (the 
Stars hour at the time of hisRiing ) Then fet one foot 
t0.4 h. 16 m. (the Stars right Aſcenſion) ſetting 1t for- 
ward upon the Hour-Circle, and to that point of your 
Compaſſes which is next your right hand, bring the 


Thred, and there keep itz thentakequt of the _— 


; 
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Scale thediſtance from the beginning to 5 h. 7 m. the 
complement of the Suns right Aſcenſion, ſo ſhall that 
diſtance reach from the Thred forward, to 2 of the 
Clock in the. Afternoon, for the hour of the Day, 
when that Star was riſing. 

And, Ifyoutakein your Compaſles 4 h. 16 m. and 
{et that diſtance forward from 7 h. 23 m. and thereto 
bring the Thred 5 h. 7m. being ſet from the Thred 
forward , the moveable point will fall upon 4 h. and 


46m, at which time in the morning the Bulls Eye will 
be ſetting. 


Many more Propoſitions of this kind may be found 


by the Lines-on the Quadrantal Part of the Inſtru- 
ene... 2A 


1:To find what Altitudeany Star ſhall have, when 


be is at_any horary diſtance from the Meridian; 
By the 11th. Probl. 


2. To find what Altitude a Star ſhall have, being 


upon any known Azimnth; by the 12th. or 13th, 


3. TheStars Altitude being taken, by the 7th. Prob. 
you may find 


4. What Azimnth he is upon, by the 14th. Probl. 
And, 


5- The Stars hour or horary diſtance from the Me- 
ridian, by the 15th. | 


And nowI ſhall proceed to 


The Uſes af the/Circles, ro5 
ow 
Prob. 2 


Having the Altitnde J 4 known fixed Star, to find 
the true Hour of the night, 


Letit be required to find the true hour of the 
night upon the 23. of December, the Bulls Eye being 
obſerved to have 6 degrees of Altitude, 


1. Find the Stars borary diſtance from the Meridian, 
which is the Stars hour by the 15th Probl. of the 
firſt Thred. « 


Lay the Thred tothe Stars declination, counted on 
the Limb from 50d. And out of the Scale of the Suns 
Altitude or Line of Sines take 6d. the Stars Altitude 
obſerved. With this diſtance ſet one foot of the Com- 
palles upon the hour Scale, and thence move it along . 
till the other being turned about do only touch the 

| > ſhall the Compaſs point reſt upon 6 hoursand 

42 m. from the Meridian, and that is the Stars hous : 
ow # 

2. To find from hence the true hour of the night. 


There areſeveral wayesto do it, as Arithmetically 
thus, 

Ada the Complement of the © Aſcenſion, the Stars R. 

Aſcenſion,and the Stars honr, all three together, the 

ſure of them caſting ay 1 T is the hour of the night 


. 
# 


* 2 2 
= 
|  gonth. 
E £ 
= * 
, 
TT J i 
" 2 = 


—_ 


70 


n  —_ 
-LO 
bn. 


| upon the 2 3 of Deteinber- 


Thr Utes' # rh Ctires, 


h. m. 

Bulls Eye horary diſtance 239 the Meridianm—=g , 2 
Its R. Aſcenſion — 4 ns 
Complement of Suns RA cenfion — —— gs 


— ——— 

PO” ——76 ; 

4 &j* 

I 2 How ſubſtracted, there remains —_—-_ 


the true hour of the night 
This by the Circle on the ackſide:of the Taſte 


mentis done morecaſte, and general, and tor the 
doing of i it 10 all Caſes thisjs | 


w , — o_—— 


The Rule, 


Set, one foot mn, the Compaſtes in \ the or plement 
of the Suns R, Aſcenſion counted in the Hour Ciz. 
cle from 12, in the middle thereof COWAEh the left- 
| hand, and extend the other foot, to the tars Riptit 
-Af-ention counted in the, fame Girete' fon 12 Re 
; Wards The Righthand. With this diſtan * Gl 

palles, tone foot in the Nis, Lou don 
the left hand of 13; and the other foot bel Kurried 


to the Right hand ſhall fall upon the true hour,” 


" Thusthecomplement ofthe Suns Ripht Aſtenſion 


| 5945198 Yd? ; 


The Bulls Eye Right Aſen®ion————2" 
The Bulls Exe horary diſtance from the”2;” 
_..., Meridian being 6 d. high —<-<<EF6 42 
Set one foot ofthe Compaſles in 5'hvQ-* my 'of the 
_ Circle counted from the mide TS) 1Yhe left 
haagd, (that is in6 h. 53 m, ) and extend the other 


foot 


he Cireles, ro7 © 
| from the middle 12. to- 
wards -the- right .hand., Wigh. this - extent , of the 
Compalles , ct one foot in 2 $42 Minutes 
(the Stars hour.) counted from the beginning, 
and .the other foot will -reſt upon\q h. 5 m. 
which 1s 5 58.08 4 in the mornin boca the move- 
able po the , Compaſles fel fell” beyond the mid- 
dic in \ the hour Circle. : 


% _ 
f : ® 
: _.D.4 


footto 4 b. Þ's COUL 


_ Example 2. 
. Upon the 31 of December, I obſerye'the Altix ude - 
- ofthe Great Dog tobe 14 d . and 1 delire to k 
the hour of the night. 
- By the 15 Problemof the firſt,l find the Gs: | 
horary Hance from the Meridian tobe gr 2 m. 


Comp. ofthe Suns R. Aſcenſion December 2 BE FE | 
Right Aſcenſion of the great Dog = —=——=-6 3o + 
Stars hOUrmnn— _— —— 9 22 


| 20 29 
Dedutt 12 hours.reſtsthe hour, of the night--8 22 


h.' . 
Set one foot of the Compalſles 1 


10 4" 30 
counted from the middle 12 tothe left hand and ex- 
hi the other foot to 6h.zom, counted from 12 tg 
the right hand, the ſameextent will reach fromg * 
22 m.-counted from the beginning of the Grels, « 
6h, 224the rue hourof, the night. - 
| Example | 
Upon the 5th of January, 7 end the. iieude 
ofthe great ood be 15d. high,and bythe 15 be- \ 
fore-going, the Stars hourto be g h. 32 m- Then 
Pp2 The 


- <= ow 
= - 
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| 


EC h. m.| 
| The Comp. of the $ RRcenfion Far, 5. ---47 09. 


Right Aſcenſion of great Dog m——— 


Stars hour ———— nm — 9, 2 

| 20 IT 

| Hour of the night- = —8. 17 
| Set one foot of the Compatles m 4 h. 9 m. counted 
' | from 12 tothe left hand,and extend the other to 6h, 
| Zom. counted from the middle 12 to the right hand. | 

| With this extent ſet one foot ingh.32m.counted from 
the beginning ofthe Circle,andthe other foot will fall 
upon 8 hours 11 m, the true hour of thenight. 
And according tothis Rule you may ealily andrea-, 

| dily find the true hour of the night atany time, 
of which take theſe following Examples _- 


| attife. 
Ye d: h. m: 
| Decemb, 1, The Bulls Eye Altitude 39- 7 12 
Novem. 1. The Bulls Eye Altitude 3g 9 23 
May 15. Ar@urus Altitude :& 
Feb. 6. Ardurns Altitude 20 10 23 


And by working with the Stars, asif they were the 
San, all or moſt of the problems inthe firſt part} . 
1 - may be performed; andnow becauſe the know- 
 ledgot the Suns Right Aſcenſion is ſoabſolutely 
of neceſſary, I ſhall therefore here inſert a Tableof 
the complement of theSuns right Aſcenſton from; 
midnight,for every day inthe-year,asalſoaFable 
of the right Aſcenſion and Declination of ſom 
emment fixed Stars, with theiruſe ;.and fol ſhall 
___ conclude this Second Part. 
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T -f the Circles, rv 
ATable ofthe Right Aagſion and Semidiurnal Arks 
of ſome eminent tixedStars t&weghout” the Zodiack, 


for the ready finding of the time df their coming to 
the South, the'n; Riling,Setting,and hpur oi the night] 
ny Rpn— 


ee 


Names of the Stars. 


South Star 19 the Whales Tall 
*[Andromedaces Girdle 
The former hotn of the Ram 
The Whales Belly 
[Southert foot pe Andromeda 
| The Whales Jaw 
The brighteſt gf the 7.Stars 
Bulls Eye, Aldeboren. 
T The Goat Capdlla | 
Foremoſt ſhoulder of OQrians; © 
Orions Head ' 
Middlemoſtin Ortons Belt 
| The Great Dag noon Perl 
[The Little Dog © | 
The” lowermolt head of Twins| | 
North Alcl ſus | 
South Afclivs ' * 
{Lyons Heart, 
Yor Tail 
indemiatrix 
Spica Virginis 
arm : 
Left ſhoulder of Boots 
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| 7, ACi \ i\s e Ark 
Stars | h. m.jh. m, 
South Ballance + — — — — - |- 2 2JF4 40 
-—-+-+——— Hungiahighs HE i&: 
Bright Star of the Crown — =, j-3 25183 . 57] | 
Cor Seotpio, Antares - — — —-|-4 913 23\ | 
Hercules Right Shoulder — — -}-4 1648 lo] | 
 THercules Head—— — — — -— [-5 oO 17 a2al 
Ophiucus Head - —_ — | - 087: 46 
The Harp— + — — = <- — <-[-6* 2alfetsaot 
Vultures all + —— == —— -}-6 SI17 14 
The Swans Bill —— — —— —--]5 1818 51 
The Vulture — — — —=— = - -J-7 356 43| 
The lowermoſt horn of the Goat] -8 53 


——tf-per ir hog © GS 
Pegaſus mouth = — < — - - 9 
Right ſhoulder of the Waterbearerf}. 9 
'FFomahantt —— — -.-_— — _ -#To 
SQ TAS 7D 
OR I PO 
| Yb d of Andromeda. —_ —.— — —11 

Eafliopeah's Chair 4 © © « << -j T1 


| 
| 
| 
1 


vzmer Tables. 


The Y of: theſe two Tablesare principally theſe 
following. \; 


To find at what hoxr an theſe Stars will be u 
af Meridian any dy == 4 

2. Toknow at what hour any of them Riſeth or 
Setteth. | 

3. Toknow how long it continues abovethe Hori- 
LOH. 


| 


| 4. To find the hour of the Night, by ſeeing axy of 
| 
| 


\__ the night. 


5 To find at what hour any of the Stars men tioned s 


for the day pr 


theſe Stars either upon the Meridian, or riſing in, 


Mer aork [52h 9a ah. . 
5. By heving the horary diſtance of theſe Stars 
from the Meridian iff hen before | 
called the Stars hoyr) to fad thereby the | our of 


es tt 


The SE; in the mo Table Ie -& lected 


praduatty thiroughthe Zodiack, tharat any time 
pap a of them will be either Riſing, Setting, 
'or clſ-be upon the Meridian, Wherefore 


the former Table , will be wpon the Meridian, 


Add the Gomplement of the SunsRight Alcenſ! "ot | 
ed, to the Right Aſcenſion 0 


the 'Star 3 the fum of them will be the Gy hs 
Srarvbeing upon the Meridian. | rev 


- — — =y _—_— -_ « _— _— . . 
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The Vulture — 97» 0 "2 LANE ag; 


The !owermoſt horn of the Goat 


3» 6 


—_— _ 

Stars | 
South Ballance > — — — — — 
North Pall — — — — - =[-3 
Bright Star of the Crown — —, -j- 3 
Cor Seotpio, Antares — — — — |- 4 
Hercules Right Shoulder — — <}- 4. 
Hercules Head— — — — — -— 
Ophiucus Head = — © _ _ —-þ-'5 
The Harp — 4 — S's. OLDIES 
CEE oo mm = = ol ES 


'The Swans Bill —— © —— — = — 


ST dE 


opeah's Chair < © << 


Head of Andromeda... _ — — < 
Ca ndromeada 


following. 


Setteth. 


theEaſtorſetting in Weſt. 
5. By ren the horary ai aneref 


from the Meridian he was 


the night. 


” - —RICGC— mo oo 


-& through the Zodiack, that at 
ohe Pape fu of them will be either 


5% 


Fearvbeing upon the Meridian. 


Qq 


called the Stars hour) to fad thereby hs wy < of 
[ 
The Stars in the Samet Table are wy Rleted! 


rime 
ke Setting] 
or clſbe upon the Meridian, Wherefore 


I, To find at what hour any of the Stars men tioned 
the former Table , will be wpon the Meridian. 


Add the Gomplement of the SunsRight Xx] 


of _——_— —— 
SS __—— ”——_— — 
” w__ 


of pr Stars 


The aſcs of thee two Tablesare p cipally theſe 
| 


1, To nd at what hoxr any theſe Stars will be up-{ 
on the Meridian any day lies 4 


2. Toknow at what hour any of them Riſeth Ml 


3. A 0 _ how long it continues abovethe Hori- 


4. To Fo find the hour of the Night, by ſeeing ax 
* theſe Stars either upon the gd =. rifing Z 


is apo 


cr Ir nn 
s » 


for the day propoſed, to the' Right Aſcenſion 0 
the Star 3 Bo fam: of them will be the time of tha 


- ; 2 LA 
” 


&e- | 


rom 


IT! MY he Circles. 
Example. Let it berequizg to know at what time 
the Bulls Eze will be x he" Meridian, upon the 


firſt flee 

h.  m. 
Complement bf Suns Right Aſcenſion Jar. 1.-4. 25 
Right Aſcenſion of the Bulls Eye ——— 4. 17 


—_— — — — — 


; Bull; 1 Bye will be upon the Meridian at ——--. 42 


And upon the 21 of January the Bulls Eye will 
be nponthe Meridian at 7 h. and 19. m. after 


NOON,AS in —_— 
h.  m- 


, Complem. of Suns Right Aſcenſion ; 21, ===}. 2 
;Right Aſcention of the Bulls Eye — 


 alepyr upon the Meridianat monipfemi———ny 7. "19 


Again u} pon the ame firſt of Jeaney, the Great 
Dog vill Re upon the Meri nas 6 m. after 


AE br: yn Fay le, »; h. Mm 
—_ ,9gh 


_— 


ne Bin tion Jn Im——g'1.25 


Algenſfion —— ——-6, 3I 


| Great Dog upon the Meridian- —---I0.'$6 
. P * ey 3,140 *mrB. 34 THY Id 03 Ab 
} And & po a the 21 of Jamuary, atigg me after y of 


Rh," m: 
Complement of the Suns right Abel, dl 21. =3- 2 


Great Dogs right Aſcenſion — —— tran. work, 4 | 4 


kt 


73. 21 Ji! 


Great Dog upon the Mira. 


% 


The Ules\of the Circles. «15 
Il. To know when any of theſe Stars, do riſe or Sit. 


In thethird Columb of the Table you have the Sc- - 
midiurnal Arch of each of the Stars, which being ſub- 
ſtrated from the time of the Stars being upon-the 
Meridian,gtveth the time of the StarsRiſg, and being - 
added thereunto giveth the time of the 5 tars Setting, 
Thus rhe firſt of Fernary the Bulls ,, h. Me 
Eze was found to be upon the Meridian $8 £8 42 
at3 h. 7 2 1, — —— —— w_—__ | 
From which ſubſtrat his ſemidiurnal Ark<---7. 27 
There reſts — ——T. I 
Wherefore the Bulls Eye that day, did Riſe 15 m. 
after 1. of the Clock in the Afternoon, and by ad- 
ding of the Stars. Semidiurnal Atk, that Star did ſet 
at 9 m. after 4 the next morning, as in Ms Ne 

—_ "i. 
Bulls Eye upon the Meridian, Jan 1. at-=-7, 42 
The Semidiurnal Arch 


The Bulls Eye (ets(deduQting 12 hours) at-— -16, 09 
| .\12; 00 
4+ .. O09 4 
III. To know how long any of theſe Stars do continue 
above the' Horizon. | O14) 


enmny— 27 


The Semidiurnal Arch ofthe Star being doubled 
gives the time of that Stars continuance above the 
orizon. j* £90009 4.5 

So the Semidiurnal Arch of the Great Dog bein 
4+ bours:3o m. that doubled makes g hours, andſo' 
Qq 2 long 
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long doth that Star gorifinue above the Horizon ; 
aud this 9 hours being taken from 24 hours, there 
reſts 15. hours , and ſo long, doth this Star continue 
- under the Horizon. 


IV. To find the hour of the night by any of theſe 


Stars. 


+ T. By any of the Stays being upon the Meridian, 


Example. Upon the 6th of December, Fiſee'theBulls 
Fye upor the South part ofthe Meridian, and-I would 
know what hour of the night it is. 

This is no other but the ſame with finding of what 
hour any Star will be upon the Meridian, 

Wherefore to 6 hours 22 mm. the Complement o 
the Right Aſcenſon of the Sun for the day - prapo- 
ied, (viz. December 6.)add the Right Aſcenſion of 
the Fils Eye ( vis 4 h.tym.) and the ſamof them 
will be 10 hours and 39 m. So that ſeeing the Bulls 
Eyze-upon the Meridian upon the 6th of December, 
you may conclutethe hour of the niphtto be 29m. 
paſt 10'of the Clock. 


I I. - By ſeeing any of the Stars Riſing or Setting. 


If npon the- 15th of OFober Fſhonld fee Coy Scor- 
þpio, bl or the Scorpions heart) rifing, and from thence 
would know the time of the night. 

Firſt, Seek by 'the firſt precept, at what time Cor 
Scorpio comes to the Meridian onthe 15 of 0fFvber, 
whick:you ſhall find'to be at'2 hours and 9 m-in the 
maotning, . fron which ſibſtrat the Stars mg 2 


. - 
PL 7 
a . | ; 4 &] 
- d | 


nal- Ark,'3 bh. 23 m. (byadding 1 2 hours)-and there 
will remain 10 hours 46 mn. at night ; ſo that upon 
the 15 of OFober, when you ſee Cor Scorpio Riling 
you may conclude it to be 46 m. paſt ro at night. 
But if upon the ſame day early m the morning,you 
ſhould ſee Cor Scorpio, a ſetting and would know 
then the hour, you muſt then add 3 hours 23 m. 
(the Semidiurnal Ark) to 2 hours 9 m. (the Stars 
being upon the Meridian )and the Sum will be 5 hours 
32 m. So that when you lee Cor Scorpio ſetting upon 
the r5th of OFober , you may conclude the hour to 


be 32 w. paſt 5 mthe morning. 


V. Z having the Stars hour, to find thereby the 
hour of the night. 


\ Add the Stars hour, the Stars right Aſcenfion, and 


the Complement of the Suns Right Aſcenſion all 
three together, the fum is the hour required, as in the 


following Examples. 
Example r. Ey the Sulls Eye Decemb. Il. 


h. m 


Stars. hour $e 

Juns Aſcenſion compl.-- ——- —————6 09 

Stars Aſcenſion —— ——— ——————— 17 
19, 13 
I2. 10 


——— 


nant ® | * 2: oo; k 
= ___ Flourofthe night —————7 13 
Ex4t< 
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Example 2. By the Great og Decemb. Zr. 


Et +.oBe 2s 

Stars hour —— —— —— ———_gz, 23 
Suns R. Aſcenſion Comp. -=——————-—z. 30 
Stars' R, Aſcenſion —— — ———— — — --6, 31 
#. +þ Hs.” 20. 23 

| I2. 00 


— — — —  — 


Hour of the night ——— . 8, 23 


Example3. Bythe Hreat Dog Jan. 3. 


Stars Hour ——— —— —————=9. 33 
Comp. ofthe Suns R. Aſcenſion — — — 14, og 


Stars R. Aſcenſion ——-- moe 6,30 

. 20. 13 
| I2...00 
A 


Hour of the night "D208 12 
Example 4. By the Bulls Eye November "El 


Stars hour — —————————— 7. 54 
Stars R, Aſcenſion —— —————— 4. 17 
Suns RK, Aſcenſion Conpl. ——— — —8, 53 
| 21..04 


; I'2, 00 
\ 5p hoohe | ai I - 8 
Of Thehour of thenight ——— 9g, oz 


Exams 


wftugps February. 6 


4 ro 
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Example 2. By the Great Dog Decemb. 3r. 


| 3 h, m. 

a oh cs memmoomfmrnnmmm mcg nnng,.. 22 
Suns R. Aſcenſion Comp. -=———————-—z. 30 
Stars' R, Aſcenſion ——— ——— ——--6, 31 
3 | 20. 23 
12. 00 


Hour of the night ——— . 8, 23 
Example 3. Bythe Great Dog Jan. 3. 


Stars Hour ——————————=-9. 33 
Comp. ofthe Suns R. Aſcenſion — — — 14, og 
Stars R. Aſcenfion———-- n—_— 
20. 13 
I2. 00 


;J 


Hour of the night — — 8. 13 
Example 4. Bythe "Sulls Eye November 1. - 


7. 54 

Stars R., Aſcenſion —— ——-——— — 4 A. 
Suns HK, Aſcenſion Compl. ———— — 8. 53 
21. 04 

I2, 00 

$555 G— — 
| Thehour of thenight ——— 9, o4 
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enqdle a pet 
ſhing it over; 


% writ, - another that, pener gre: 


cher -#ndivAual Shae on one tim wriing + 
ney, you at the ſame rime write ogra Nc 
ban qo that rakes off any ey” us With 


fer -54n binge. 
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feſe are to give n6._..; That a perſon that 
hath been abroad theſe bre ears, 1s Jarely re- 
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Court, within 2 or 3 doors of $« 
houſe, who profeſſcth as followeth, wit) i 1+ © | 
Firlt, himſelf writing all the uf | hands, of Eng- 
land, doth undertake to teach to Write,. as Well rn 
one Month or fix Weeks, 4s any perſon that hath 
Thade a twelve Months dayly PraQice. His rules 
and direfions ſo facil, that perſons of twelve gs 
fourteen years of Age, arc as capable as perlons of; 
greater Maturity, and ſuch Ladics and Gentle» 
women as are not free to come to bim, he is willing 
to wait on them himſelf. He takes Faces ia little, 
and teacheth the ſame, and to Draw by infallible] 
Rules with Pencil, by preſident in a month, to as. 
much Truth, $kill, and Judgment, as any that hath; 
made 2 two. years dayly PraRice ; although they 
never handled a Pencil or Pen before 1n,their lite: 
time, He Ingraves any manner of writing ypen/ 
Copper, for Printing in Paper or Parchment,vr any 
Fancies upon Plate , Allo. he Ingraves, Steel Seals, 
Silver Seals, cuts lians, and graves all Mer-,, 
chants, Drapers,Clothiers, Stamps and Touches.for! 
Goldſmiths, Pewterers, Potters, Glaſs-houſes, and! 
Braſiers, @'c. and whatever elſe is omitred, he un- | 
dertakes, and if not perterm the ſame without 
fault, eff:rs his ſervice free, He defigns' a Cipher 
or Figure of any Gentleman or. Gentlewomans 
name, in that interlm of time, 2s apy perion can 
write it at length, thereta, ke _gft big.orvice free 
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[Spirits, and Ink, whith Are "yf gfear. uſe, one 
| Spirit reviving any old "Zlmolt" or quite 
inyifible, wafhing it overs »mes my PT 
when fir writ, another that, penetrates through 
twenty individuai Sheers, on one time: Writing on 
oney you at the ſame time write on twenty more on 
leſs, another that takes off any ſuperfluous writing 
or blot, without ſcratching with a Pev-knife, * He 
bath a prepared Paſtr, that let any Ladies wyite 
with fair water, it preſently becomes as black” 
the blackeft-Ink, And many other uſeful Secyr 
and, Arts, roo much ts expreſs here.  Whagyer: 

leaſed to give themſelves the trouble to co 

| him, will- afſuredly not repent their time ſo ſpe 
' He hath the Charpeſt way of Ciſting, as ever wa 
found out, where every curious fancy may pleaſe it 
ſelf, and any choice experiment may be made in 
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| PERFORMING 


All fuch Concluſions Geometrical and 


Aſtronomical as are uſually wrought by the 
Globes, Spheres, Sefors, Dnadrants, Planiſpheres, 
or other the like Inſtruments, yet in being; with Eaſe 


| and Exactneſs. 


| 
| |Some Ufes whereof are exemplified inthe ſolution of ſuch 
Problems as are of frequentuſe in the praftiſe of + | | 


Geography _ | 
T rigonometry © | 
ProjeF1on,&c. | 


I Geometry 
Aſtronomy 


Dialling 


— — | 


By William Leybourn, Philom. 
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TO THE 


READER 


=. F 1 ſhould here make mention of the ſeveral 


L ———_ 
J&S&E 


\ 


Inſtruments that have, from time to time, 
byſeveral learned and ingenions. mew , been 
| invented for the finding of the Hour, Azi- 
muth, and other uſual and neceſſary Aſtronomical and 
Geometrical Problems, I ſhould exceed the bounds of 
4 Preface.Wherefore (omitting to ſay any thing of thoſe 
invented and publiſbed by Orantws, Stoflerus,Clarius, 
Fe. JI ſhall only ſay ſomthing of that which hath hither- 
to received beſt acceptance, namely, that of Mr Gunter, 
which(though it be not an exaFProjetion of the Sphere) 
exceedeth any of the forementioned, yet that alſo is de- 
ficient, inreſpe@ jt is particular for ſome one Latitude, 
and the Hour aud Azimuth Lines ( i all Latitudes ) 
do occupie the moſt part of the whole ſurface of the Qua- 
arant. and (in ſome Latitudes ) they cannot both be in- 
ſcribed (without confuſton ) upon the ſame ſide of the 


Infirument. _ 
' The Quadrantal part of the Inſtrument here offered 
to thee, 1s quitted of both the fofementioned incumbe- 
rences, and hath many other conveniencies : For 
(1. 1t is «. perfe® Projection of the Sphere,..i6 
being 4 part of # © ANALEMA. EE ; \ bob \ 


'« * 


To the Reader. 
S"(C2 2) 4 It nay be made Univerfal, for wpon it-y0u otay 
inſcribe'as many Latihides as you pleaſe 5 one” Line in 
each Latitude, ſerving to ax both the. Hour and Azi- 
muth 5 and ſome other Problems beſides Of. good uſe) 
may ik gow the Jag Lingalſo : by what 
is there ormed in the 'Second Par of this 
Treatiſe may appear : For all the moſt uſual Problems 
of the Sphere 3 the Requilites, belonging to all the 
moſt uſual ſorts of So Diate : And the Hour, 
ike $; is inte, ©: (not only of the Sun, but 
De: Stars al Pay be f be NR with facility and exath, 
and if t tbe Inſtrument be made but of Bor 9g inches 
. it 7 oat ve the Hour to a minute , and the - 
Azimuth to i ſs £ an half a degree, and that without 
the © b a Bead por he String thereof, 
which «M/ the leaſt ſtretching or ſhrinks rg ofthe Th; red, 
altereth the Poſition thereof, and rendreth the work. Ir- 
formed thereby imperfe@. 

Now for the manner of working the feveral Pro- 
blems «por the Inſtrument, the lines thereof being thus 
diſpoſed, within the confines of a Quadrant, 1do con- 
feſs Tgained by"being poſſeſſed of ſome Fa Precepts writ- 
ten by Mr. Samnel Foſter , ſometime Aſtronomical Pro- 
feſſor iz Greſham Colledge, for the uſe of 4 Qua- 
drant for himſelf made in Anno 1644. which 
drant, and the Precepts concerning the uſe uſes thereo 7 pM 
been hitherto moſt earneſtly deſired " enquired after. 
And thus ſetting aſde, AG accunulating to my ſelf”) an w 

1 


thing that may be termed Plagiarie, I p declare agai 
and thus much Reader Teay freely ſay concerning the 
Quadrantal part of th Free z/though 1 Love 
added ſeveral Lines off my own'thertinte, 


Naw 


| To the Reader. 
Now for the Wings of the Inſtrument, they may 16 
adorned (Reader ) with what F cathers_ you pleaſe 1 
have made choiſe of ſuch as yoy ſee in the Scheme of 
the Inſtrument #ha Fouk anpexed, as being the 
moſt ufeful and neceſſary, and as well diſpoſed, as any 
I God? pet ſe {* en : And if the two Rules delivered in the 
SeFjon of the Firſt Part of this” Treariſcbe- "rightly wn- 
derſtood, axyz Canons; (propottiqns; ;er-Analogies, in 
Equal Parts, Siges, Tangents ,, or Secants jo or 
mixed, which you find inthe = nes Gunter, Mr. 
ed, Mr. Foſter, Mr. ray » Mr. Go 


lins, or oth 11y.0mw% x ke. 
yoving eel TEE 
the ney > 
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PANORGANO 


CONTAINING 


The Deſcription, Conſtruction and 
Uke of the INST R UMENT | in 


SECT. I 


of the C etl Scales nd Lower: upon the In. | 
WT AS, their Defeviption, and Cufirucins. 


2 Panozganon. 
them, I call the @uadrantal part of the © a6 

Fhe ings of the Inftxument muſt be made of ſagh 
a.compevent breadth, as.either ot rhem._may be ca- 


a ow 


Fel = Equal Parts, 
2. Squares O1 Superficies. 


And upon the Wing oppoſite thereunto, 
4 Right S7res, 
4+ 


Cubes Or Solids. 


Theſe four Scales are-placed upon the two Wings 
on the foreſide of the Inſtrument : On the two . 
Wings 01 the backſide are ; 
5, Natural Targents, 

| 32 Perſed Sines. 


And oppoſite unto them, 
7, Natural Sines and Secaxts. 
8. Chords. . 


4 ' oy 
Fheſe are ſuch-Lines as I conceived moſt uſeful; 
though divers others might beinſerted : And for the 
the conſtruction of them, and- inſerting of —_ Of- 
| erly 
o 


o 


dey onthe Inſtrument, it is ſo well known to all that | 
are Makers of Mathematical Inſtruments, that I ſhall . 


 — 


© @ SS @X © 


Tangents, and Verſed Sines, to the lamefadims. And 
it were not amiſs, if that in ſome, convenient place of 
the Inſtrument{as there may be feund places enough) 
from the Center, a Scale of equal parts, a Tangent: of 
45 deg. numbered to go. (commonly called an half 
Tangent) and a Scaleof Chords alfo, were inſerted to 
the ſame Radins.as the Sines, Tangents and Secants are, 
which will be of excellent uſe in projection of the 
Sphear, &*c. 

Now-for the ſakes of fuch as are ignorant of the 
conſtruction of theſe Scales, I adde this Fi- 


gure: 
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Sic IH. 
Wherein 


 -: 'Whereinlet the Line C A be the Semidiameter, 
or Radins of any Circle, as here it is of this Semi- 
eircle B A D. 

The Semicircle being deſcribed, divide it into two 
equal parts or Quadrants by the perpendicular Line 
C A; then divide each of the Quadrants B A and 
AD into go equal partsor degrees, as 1n the. Figure 
is done, to every tenth deg. 

This done, your Scheme 1s prepared for the drvi- 
ding of your Scales of Sines, Tangents, Secants, 
Chords and Yerſed Sines ; for, 

CDisa Line of Sine. © - | 

D E 1s a Taxgent Line, | 
The Line pxC E 1s a Secart. 

A Bis aChord, and | 

B Dis a Line of Yerſed Sines. 


And the manner how to divide them followeth. 


I. For the Line of Chords. 


2 
os 
( 


2. For the Line of Sizes. | (A| 


% . 
— — a ___ - © —— 
w—— S_— 


"Iu oo i "—_—F 
every degree"of the £xadran 


= 


© 


t'x D, dr 
occult right Lines, all parallel to the Line C D, Fw 
| they 


. From 


they interſe& or cut'the Lme A C, fo ſhall theſe oc- 
cult- Lines divide [the Line A C into go unequal 
parts or degrees, which makes the Scale'of Sines. 


3. Forthe Line of Tangents. 


. Upon the point D, erect a/ Perpendicular D E, 
and through every degree of the 9uadrant A D, 
draw _ Lines from the Center, till they cut the 
perpendicular Line D E, dividing that into unequal 


parts, called Tangents. 
4. For the Secants, 


A right Line drawn from the Center of the Cir- 
cle:C, through any degree of the Quadrant A D, 
till it meet with the Tangent Line, is called the Se- 
cant of that degree through which it cutteth in the 
Dmadrant, As wm the Figure, the night Line C E, 
paſſing through 50 deg. of the Quadrant A D, till it 
cut the Tangent-Line in E, 1s the Secant of 50 deg. 


5. For the Verſed Sines. 


Tne Linc of Perſed Sines 1s. no other thanitgwo 
Scales of Sincs ; wherefore, ſetting one foot of. the 
Compaſles in the point or Center C, deſcribe occult 
Semicircles through every degree of the Scale :of 
Sines A C, as the. Semicircle,G K H drawn through 
40 deg. of the Line of Sines,.giveth the point of 50 
deg. of the Yerfed-S$ines at G, and of 130 d. at the 
point H, -{0 the-whple Line B D. is a Scale of YVerſed 
Sines, beginnzng at 00 d. at B,go d. at C,andendin 
at 180d. at E, And 


Panozganon. as 


6 Panozganon. 

And thismay ſervefor the Definition and Geometr;- 
cal conſtru@ion of theſe Lines 3 and the like might 
have been done for the Lines of Squares and Cnbes; 
but the beſt way to divide the Scales of Sizes, Tay- 
ecuts, Secants and Chords, 1s from the Tables of Na- 
tural Sizes, Tangents and Sccants; and the Lines of 
Squares and Cubes are be{t divided from Tables of the 
Square and Cube Rocts, The manner how to apply 
thoſe Tables to the transferring of the Lines upon the 
Inſtrument, is ſo well known, and the Tables them- 
ſelv esin every mans hands; that it were needleſs here, 
either to inſert the Tables, or ſay any thing more con«* 
cerning the Lines.on the Wings of the Inſtrument, 
only in the- ſpare places between the general Lines, 
other Lines more particular (as of Fquated Bodies, 
Seements of Circles or Sphears, Metals, Tnſcribed Bo- 
dics, of 9uadratare, &c.) may be inſerted, in the 
void places, between the general Lines before-men-- 
tioned : And if the Wings of the Inftrument be made *» 
broad enough, moreLinesthan two upon one Wing 
may be _ to iſſue from the Center; but the eight 
forementioncd being the moſt uſeful and neceſlary, I 
ſhall only exemplifie 1n themzany other Lines whatſoe- 
ver, that are Teferibed upon any SeFor whatſoever, 
may be inſertedinto this, and their uſes alſo applied 
hereunto. And now ſhall follow, | 


The Deſcription of ſuch Lines as are inſcribed on the 
Quadrantal Part of the Inſtrument. 
The Quadrantal part of the Inſtrument confiſteth 
of two ſides, viz. The Foreſtdeand the Back ſide : The 
Foreſide is ſome part of a Projection of the Spheat 7 


plane, 


Pano2ganon. > 
plano, and fome other Scalesz and the Back-ſide con- 
tiftsonly of ſeveral concentrick Circles, tm which are 


placed ſeveral circular Scales, principally relating to 
the Motions of the Fixed Stars. 


I. The Deſcription of the Lines, and the Conſtru@ion 
© of the Foreſide of the Inſtrument. 


Between the two Wings of the Inſtrument is left 
an exact Pradrant, the Limb whereof is divided in- 
to go equal degrees, and ſubdivided into parts, ac- 
cording to the largenels of the Inſtrument, and num- 
bied by 10, 20, 3o, &c (fromthe left hand towards 
the right) to go deg. after the uſual manner. And 
within-the Superficies, is deſcribeda part of that pro- 
jetion of the Sphear, whichis ufually known by the 
' name of the ANALEMMA ; and' the 'manner how to 
draw this Projeftion, for any Latitude or Latitudes , 
is as followeth. 

Firſt, Leaving ſome convenient ſpace for the de- 
ſcribing of two Circular Arches, for the inſcription 
of the Moneths, and Dayes of the Moneths, delcribe 
an occult: arch of a Circle, as AB; and laying a Ru- 
ler from O, the Center of theInſtrument, to.60 deg. 
(or to any other more convenient number of deg. 
which may be more ſutable to the Latitude of the 

lace for which you make your Inſtrument, as 60d. 
15 moſt ſutable for thoſe middle Latitudes which I have 
here made choice of) draw a right Line O C, which 
line may be called The Line of the Suns Altitude, or 
Line of 60, and may be divided fromC towards O, 
asa Line of Sines is divided, 

Secondly, Conſider what Latitude or Latitudes = 

| woul 


3. Pano2zganon. 
would inſert into your Inſtrument (as I haveinſerted 
in this Inſtrument, in the Figure, all the Latitudes 
from 46 deg. to 54 deg. which will ſerveall the prin- 
cipal Places in Exrope, and, more. might be inſerted.) 
But for Inſtance; Suppoſe I would inſert the Latt- 
tude of Loxdox 51 deg. 3m. count the Complement 
thereof 38 deg. 3o min. upon the Limb of the Dua- 
dranttrom 60 deg. towards the left hand, and from 
the Center of the Puadrant; thereto lay a Ruler, ſo 
ſhall it cut the Arch formerly drawn in D, and a 
right Linedrawn from D, perpendicular to the Linezof 
the Suns Altitude, or Line of 60, as the Line DE, 
(which LineD E muſt be continued(o far beyond the 
: Line. of 60, till it meet with a Line drawn from the 
CenterO, to 23d. 3o m. counted inthe Linib from 
60 d. towards the right hand) and this ſhall bethe 
Linerepreſenting: the Latitude of 51 deg.30 m. And 
the like may be done for any other Latitude. 
Thirdly, For the diviſion of this Line of the Lati- 
tude of London, (or of any other deg. of Latitude) 
tis to be divided, inallreſpects, as a Line of Sines is 
divided, beginning at the Line of 60; 'and number- 
ing of it, as in the Figure ; that isto ſay, from the 
left hand towards the right, by 10, 20, 30, &c. to 
120, and farther, or not ſo far, as the Latitude of 
the place ſhall require, for the counting of the Azi- 
muths: And the ſame- Diviſions will ſerve for the di- 
viding of the- Hours, which are numbered from the 
left hand towards thei right, by 1, 2, 3; 4, 5, 6, 7, 8,' 
repreſenting the hours of the Afternoon; and back 
again by IV, V, VI, VII, VIILIX, X, XI, XII, repre- 
ſenting the hours of the Forenoon); each hour being 
ſub-divided into x5 unequal parts or degrees 3 each 
part 
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degree containing 4 minutes of time : Or, 
ur may be.divided into Halves, Quarters and 
rters,according to the mind of him thatisto 
Andif there be ſeveral Latitudes putinto one 
ent, ashere is from 46 to 54 deg. of Latitude, 
vere necel{aryCat the two extream Latitudes) 
7 Marginal Lines, one above the leſſer Lati- 
nd the other beneath the greater Latitude,the 
;crein to ſet the numbers of the hours, which 
called the Linevf Howrs, and the othcr,where- 
it the numbers of the Azimmths, and may be 
he Azimuth Line. | 
tbþly, Count 23 deg. 3o min. (the Suns great- 
ination.) from 60 deg. inthe Limb, on either 
?reof, and from the Center O, thereto lay a 
| which ball cut thecircular Arch formerly 
} on the right hand of 60, atthe points, and 
left hand of 60, at the point ſo a right Line 
from theſe two points Cancer and Capricorn, 
) called the Zodiacks (and this Zodiachk is alfo 
2 for the Latitude of 23 deg. 3o min, though 
-generally to be uſed with all other Latitudes, 
C iollowing Uſes will appear. )— For the di- 
of this Zodiack-Line, 1t 15to be divided ur a!l 
as-a Line of Sines is divided; but the num- 
thereof is different-; for it repreſenting the 
, 1s divided into 12 parts, an{werableto the 
Fs and-is numbered from the middle thereof, 


the right hand. 
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S. Pan92ganon. 

would inſert into your Inſtrument (as I haveinſe| 
in this Inſtrument, in the Figure, all the Latity 
from 46 deg. to 54 deg. which will ſerveall the x 
cipal Places in Exrope, and, more_ might be inſert 
But for Inſtance; Suppoſe I would inſert the L 
tude of Loxdon 51 deg. 30m. count the Complen' 
thereof 33 deg. 3o min. upon the Limb of the £ 
dranttrom 60 deg. towards the left hand, and fr 
the Center of the Puadrant; thereto lay a Ruler, 

| ſhall it cut the Arch formerly drawn in D, an 
right Linedrawn from D, perpendicular to the Line, 
the Suns Altitude, or Line of 60, as the Line D. 
(which LineD E muſtbe continued(o far beyond tl 
Line. of 60, till it meet with a Line drawn from tl 
CenterO, to 23d. 3o m. counted inthe Linib fro1 
60 d, towards the right hand) and this ſhall beth) 
Linerepreſenting/ the Latitude of 51 deg.30 m. Ang 
the like may be done for any other Latitude. 

- Thirdly, For the diviſion of this Line of the Lati- 
tude of London, (or of -any other deg. of Latitude; 
tis to be divided, inallreſpeds, as a Line of Sines 1s 
divided, beginning at the Line of 60, 'and number-, 
ing of it, as in the Figure 3 that isto ſay, from the 
left hand towards the right, by 10, 20, 3o, &c. to 
120, and farther, or not ſo far, as the Latitude of 
the place ſhall require, for the counting of the Azi- 
muths: And the ſame Diviſions will ſerve for the di- | 
viding of the Hours, which are numbered from the * 
left hand towards theiright, by 1, 2, 3 4, 5, 6, 7, 8," 
repreſenting the hours of the Afternoon; and back 
again by IV, V, VI, VII, VIILIX, X, XI, XII, repre- 
ſenting the hours of the Forenoon; each hour being —_ 
ſub-divided into -15 unequal parts or degrees 3 each 

part 
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part or degree containing 4 minutes of time : Or, 
each hour may be.divided into Halves, Quarters and 
half Quarters,according to the mind of him that isto 
uſcit. Andit there be ſeveral Latitudes putinto one 
Inſtrument, ashere is from 46 to 54 deg. of Latitude, , 
then it were neceſ{ary(at the two cxtream Latitudes) 
to draw Marginal Lines, one above the leffer Lati- 
tude, and the other beneath the greater Latitude,the 
one, wherein to ſet the numbers of the hours, which 


' may becalled the Linevf Honrs, and the othcr,where- 


in to ſet the numbers of the Azimmths, and may be 
called the Azimuth Line. 

Foxrthbly, Count 23 deg. 3o min. (the Suns great- 
eſt declination) from 60 deg. inthe Limb, on either 
fide thereof, and from the Center O, thereto lay a 
Ruler, which (hall cut thecircular Arch formerly 
drawn, onthe right hand of 60, atthe points, and 
on the left hand of 60, at the point fo a right Line 
drawn from theſe two points Cancer and Capricorm, 
{hall be called the Zodiack; (and this Zodack is allo 
theline for the Latitude of 23 deg. 3o min. though 
it be generally to be uſed with all other Latitudes, 
as inthe following Uſes will appear. )— For the di- 


 vidingof this Zodiack-Live, it 1sto be divided in all 


reſpects as.a Line of Sines is divided; but the num- 
bering thereof is different-; for it repreſenting the 
Zodiack, 1s divided into 12 parts, an{werableto the 


12 Signes, andisnumbered from the middle thereof, 
towards the right hand. 


DS 
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And from the middle thereof towards the left hand, 


Vw 


Above the line ]  1020% 1020 XIo 20. 
Thus 
Under the line 1 2010" 2010 20 To. 


Fifthly, This Scale or Zodiack, is contained be- 


tweetL23 deg. 3o min. and 23 deg. 3om. on either ſide 


of thelinc of 60, So that tIfe 23 deg. 3om. of the 
Limb, which lieth onthe right hand, are to be count- 
ed as the 23 deg. 3om. of the Suns North Declination, 
and the 23 deg. 3om. on the left hand, are to be 
counted as the degrees of the Suns Sonth Declination : 
and may be called the Scale of the Suns Declination. 

Sixthly, Between the Limb of the Pxadraxt, and 
the Circular Arch before drawn, are deſcribed two 
Circles, containing the Moneths, and Dayes of each 
Moneth in the year, viz. In the uppermoſt 1s inſcribed 
onetalt of the year, namely, the Springand Summer 
Quarters, coataining part of December, all January, 
February, March, April, May, and part'of Janes and 
the undermoſt - contains the Autumnaal and. Winter 
Quarters 3 namely , part of Jxze , all July, Anguft, 
September, OFober, November, aad part 'of December. 
Theſe two Circlcs are called the Circles of Moneths, 
and the manner how to divide them 1s ſufficiently 
known; for they may be divided by Tables of the 
Suns declination, from the Scales of the Suns Decli- 
nation 3 or from Tablcs of the Suns place, from the 
Zodiach-line : This is '{o well known,and the Tables fo 
common, both in this and other Books, that1twere 
necdlets tofſay moreconcerning it. > 

| Thus, 


© + 
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Thus have youa Deſcription of the General Lines 
which are inſcribed upon the £xadrantal part of the 
foreſide of 'the Inſtrument : Wherein you are to ob- 
ſerve, thatif you are to inſert never ſo many lines of- 
Latitudes, nay” muſt all of them be divided as if they 
were ſo many ſeveral lines of Sinesz hyt inſerting ma- 
ny Latitudes together (as here have done, for g or 
10 ſeveral degrees of Latitude) the ſeveral Lines may 
be divided by Arches of E/:pſes (eſpecially for 'every 
5th. degree) and the intermediate diviſions by 
Pricks only, which will not only be eafie to deſcribe, 
but very pleaſant and ready to count by; and the hour- 
points of 12, and Azimuths of oo deg. iy all Lati- 
tudes, will be a perfe&t Circle; the Hours of fix, and 
Azimuths of go deg. will be a ſtraight line, and all the 
other, Elliptical Arches 3 and are left to be fo deſcri- 
bed. 
Befides theſe Lines before deſcribed, there are o- 
ther Lines: As, 

I. A Lineof three Hours, placed near to one ofthe 
Wings of the Inſtrument , which is no other than a 
Tangent line of 45 deg. made to half the Radius of 
the Inſtrument ; and may be divided by a Table of 
Natural Tangents, into the Degrees and Minutcsbe- 
longing to the Quarters, Halves , Three Quarters, 
and whole Hours, It ſtandeth neer tothe right wing 
of the Inſtrument, and is divided firſt into 3 unequal 
parts, marked with ***, repreſenting whole hours ; 
then either of theſe three parts is divided into two o- 
ther unequal parts, marked with little ſhort liries,thus, 
| | |, repreſenting half hours: And again, every.of 
theſe parts 1s divided into two other unequal parts, by 


points only; as - -- -- .,, repreſenting quarters of 


"_ _—_ Wn 
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hours. This Seale is called the Scale of three Honr-, 

2.- Beſides this Lme of Three Hours, there is ano- « 
ther Line, called the Latitrde-Line, which Line con« 
tains thenumbers of the Complements of ſuch de 
of Latitude as are inſerted in theInſtrumentz which 
Line may bemadeto every degree of Latitude, and _ 
that in this manner : 

Make the Hour or Azimuth-Scale belonging to 
each particular Latitude, a ſeveral Radims, or 1000 
parts. The ſeyeral points in the Latitude-line from 
36 to 54, are the Natural Tangents of the Comple- 
ments of thoſe Latitudes; as.the- Natural Tangent: 
726 giveth the point of 36 deg. of Latitude in the 
Line of Latitudes, its Complement 54 deg. of Latit,' 
being made the Radins, and the reſt as in the Table 


following. 
A Table for the dividing of the Latitnde-Line, &: « , 
b 
Degr. of | Natural Degr. of | Natural 
Latitude | Tangents, Latitude. | Tangents.| 
=... {3 _ 45 | 1 - 000 
37 I - 327 | 46 oO - 965 |. » 
38 « = 279 47 6.--932-4. 0, 3 
39 I - 234 48 oO - Gao | .. »/; 
| 4O I - Ig91 j. . 49 O - 86g Got 
| 41 I - 150 50 o - 899 | . 
[6 I - 110 G51 o- 8l0} x ;' 
43 I - 072 52 o - 719 \ 
44 t - 053 33 O = 758 
71-4 4: .186.--..1 +986; 
This. 
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- This Table of Latitudes may eaſily be continued 
toany o:herdegr. of Latitude, even from the Equi- 
no:tial tothe Pole, and may be ſet in ayy: ſpare place 
upon the Inſtrument ; but beſt, and moſt readieſt, 
near to oneof the Wings, And thus have youa De- 
ſcription of all the Lines on the foreſide of the Qua- 
drantal part of the Inſtrument. 


I. The Deſcription of the Circles on the Back ſide 
of the Pnadrantal Part. 


Next, above the equal Limb of go degr. there is, 

1. ACucle of Right Aſceaſions in Time, the whole 
Bnadrant being divided into 24 equal parts, ſignifi- 
ing hours, aad numbered from the left towards the 
right hand, by 1, 2,3, 4,&c, to 12 in the middle; 
and then forward forward from the middle 12, by 1, 
2,3,&c.to 12 attheend the 12 in the middle ſigni- 
fying 12 at Midnight. 

2. There isa Circle of Right Aſcenſions in Degrees 
and Minutes, the Quadrant being divided into 360 
deg. one degr. of the equal Limb being equal to ſome 
of theſe, itis numbered from the right hand towards 
the left, by 10, 20, 30, &c. to 360. This Circle is 
uſeful to convert Degr. and Minutes of the Equino- 
Rial into Hours and Minutes of Time. 

3. AnFcliptich,, having atevery 3oth. deg. of the 
Circle of Right Aſcerſions, the Charatters of one of 
the S7gns, as at the beginning, towards the right 
hand, 1s Arics ; 3o deg, forwarder is Tawrns; and 30 
deg. forwarder, Gemini, &c. 

4. Above this Cirele isa ſmall Margin, having init 
only the CharaFers of ſuch Stars asare placed 1n the 
Inſtrument, 5. The 


5. The Names of thoſe Stars, and are inſerted ac- 
cording to their Right Aſcenſtons. 

6. Abovegthe Names, 1s (et the Declinations of 
thoſe Stars. And, 


7, Their Magritndes, 


The Stars placed in the Inſtrument, may be any, 
either ſuch as are in the Table at the end of this Book, 
or ſuch others as. are beſt known or deſired by oe 
Uſer of the Inſtrument. And being there is ſome 


ſpare place between theſe Circles and the Centerof the - 


Inſtrument (ſuch as deſire it) &fay have thefe inſert- 
ed ſuch hour-Lines as are uſually drawn upon Mr.Gu- 
ter's Quadrant 3 for that they give*the Hour more 
readily (though not ſo exactly) as the Scales on the 
otheri{1deof the Inſtrument. - 


And thus have you a particular accougt of the 
ſeveral Lines, Scales and Circle inſcri 
the whole Inſtrument; to which alſo there be- 


longeth two Sights, a Thred and Plummet, as is 


uſual in all @xadrants. But beſides the ordinary 


Lineand Plummet, which may be made to hang 
excentrick to the Center of the Puadrant ; on 
the backſide, I would havea very fine Hair, Silk, 
or Wire,. to go quite through the Center of the 
Inſtrument, cw. be faſtned at either end to a 
piece of Braſs, having a Groove in it equal tothe 


Limb of the @#adrart, and in that Groove a 


Spring, which may at all times keep the String 
ſtraight from the Center of the Puadrant ; and 
being moved along, may {tand hixed in any po- 
lition whatſoever. This Groove may be turned 


alide 


d upon . 


OTA 


* aſide under one of the Wings of the Inſtrument, 
at any time, when yourare to take the Altitnde 
of the Sw or Stars; ſo that it may not hinder 
the motion or playing of the other Thred and 
Plummet, which 1s to be put on and taken off at 

leaſure 3 but the other would be conſtantly 


ed. ': #, 


And thus much ſhall ſerve for the Deſcription ; now 
+, {hall follow the Ules of the Inſtrument, 


f 


, 


_ 
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SECT. II. 


Of the General Uſe of the Inſlrument, 
andthe manner of working upon it. 


He Inſtrument being made and fitted as is before 
direted, the Wings thereof do exactly repre- 
ſenta Sefor opened toa right Angle, and the moti- 
on of the Thred between the two Wings, do make 
it aScF&or opened to any Angle leſs. than a right An- 
gle;by which means,all Proportions may be wrought 
by it, as well as by a SeFor z and altogether as ex- 
«Fly, eaſily, and more expeditiouſly than by the SeFor x 
whether the Proportion to be wrought, be tobe per- 
formed upon one ſingle Line, or upon twoor more 


Linesz and whether the Proportion be Dire or Re- 
ciprocal, 


For the manner of working upon the Inſtrument 
in genera), theſe thingsare tobe conſidered, 


I. The manner how to diſpoſe the Terms of the Pro- 
portion: And, 


2. The Terms being truly diſpoſed, how to apply them 
| to, andwork them upon the Inſtrument. 


And for the Diſpoſition of the Terms ; 
I. If the 4 Terms be all of one kind, or denomi- 
nation, 


£ 
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nation, ſoas the firſt isto the ſecond, as the third may 
beto the fourth. 


2, But to diſpoſe the Terms of a Proportion of 
different kinds, you are fo toorder them (as near as 
ou can) that the firſtand the third may be of one 
Lind, name, or denomination 3 and the ſecond and 
fonr:h Termsof another. 


The Terms being diſpoſcd, to know upon what 
Scale your work mult be performed , when they are 
of different kinds; 

Compare the two firſt Terms of your Proportion 
together,and find which of them is them is the long- 
eſt (which you may do by meaſuring each of them 
upon his proper Scale) and upon that Scale which 
belongeth to the longeſt Term, muſtthe Proportion 


be performed, 


= The Terms being diſpoſed, and the Scale upon 

which the Proportion is to be wrought, known; the 
manner of working upon the Inſtrument, will be 
twofold: And for the two different manners* of 
working, obſerve theſe two General Rules, * 


18 PanNganon. 
+ $6;..HF { Take the Second Term out 
! of its proper Scale, and ſet 
[that diſtance in the point of 
|the Firſt Term, bringing the 
| Thred tothe neareſt diſtance. 
Then from the point of ' the 
LESSER | Third Term, take'the neareſt 
| than the< diſtance to. the Thred ; and 
Firft, this diſtance meaſured upon 


the Scale, from whence the 


| Second Term was taken, ſhall 
give the Fourth Term requi- 
| red. | 
| And thisis called LATERAL 
It _ ; Entrance. 
. Take the Firſt Term out of 
- | its proper Scale, and ſetthat 


diſtance in the point of the 
Second Term, bringing- the 
| Thred to theneareſt diſtance, 
| | Then takethe Third Termout 
| GREATER | of its proper-Scale, and (with 
than thee that diſtance.) move one foot 
| Firſt, mY the Compatles gently a- 
long the Line, till the other, 
| being turned about,may only 
touch the Thred ; ſo ſhall the 
Compalſs-point reſt in the 
| Fourth Termrequired. 
| And this1s called PARAL- 
(LEL Enterance. 


Thus 
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Thus have you the wayes of working, and the 
difference, or diſtinQion, Ln Parallel and La- 
teral Enterance;, the Ground and Reaſon whereof is 
demonſtrated in the ſecond and fourth Prop. of the 
6th. of Exclide, and needs not here be repeated; for, 
in this Treatiſe I do not deſign Demonſtration, but 
Prafice., Andthat what is now laſt delivered, may 
the more evidently appear (forin the following Ex- 
amples I intend to avoid Circumlocutions ) I will 
addea plainScheme, with an example of cach kind 
wrought upon It. 


Example 1. 


Let there be three Numbers given, viz- 89, 50 and 
48. and let it be required to ng atourth number , 
which ſhall be in proportio Them, tht hs, as 20, 
(thefirſt) isto 50 (theſetond)lo ſhall 48 (the third 
be toa fourth, whieHf5 requited. \Here, ' 

1. The Terms are all of one kind or denomina- 

tlIOoNn, «+ 
2. The Proportion is, that as the firſt Term 80, is 
totheſecon&Term 50, ſomuſt the third Term 
48, be to a fourth Term. | | 

3. Becauſe the ſecond Term in the Proportion (viz. 
50) 1s leſs than: the firſt Term (wiz. 80) therc- 
fore it muſt be wrought apon the Inſtrument by 
the firſt General Rule, by lateral Entrance ;, as 
followeth. 


In the Scheme following, let ABCD repreſent 
your Inſtrument, AB being one Wing, AC the 0- 
ther Witig, and AD the moveable Thred. Upon 

D 2 the 


the Wing A Bis a Lineof Sines, and upon the Wing 
A Cisthe Line of equal parts 3 upon which this pro- 
portion is to be wrought: Wherefore, the ſecond 
term in the Proportion , being leſs than the firſt (ac- 
cording to the firſt general Rule) I take the ſecond 
term (50) ) out of the Scale of equal Parts, and ſctring 
that diſtance in (80) the ſecond term, I turn the o- 
ther foot of rs Compatlles about, making a repre- 
ſentative Arch, as ill Ibring the Thred AD only 
to touch the movea le point | of the Com aſſes, and 
there let the String reſt (for! it is fixed for'this pr 

tion.) Then ſetting one point of- the Compalitt IN 
the third Term (48) I turn the other foot about, till 


ws 
= 6 
*% 

- 
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it only touch the Thred, making a repreſentative 
Arch, as at F. Laſtly, This diſtance of the Com- 
paſſes meaſured upon the Line of equal parts, will 
reach from the beginning thereof, to 303 1 that 30 
is the fourth proportional term required-; ' for, 

As 80ist050:: ſos 48: t030. 


Example 2. 


But if the three proportional terms given,had been 
50. 80. Zo. then the Proportion muſt have been 
wreught according to the ſecond General Rule, by 
Parallel Entrance, as followeth. 

Here, (becauſe the ſecond term is greater than the 
firſt, I take the firſt term (50) out of the Scale of c- 
qual parts, and ſetting one footinthe point of the ſe- 
cond term (80) I bring the Thred to the neareſt di- 
ſtance. Thenout of the Scale, I 1ake the third term 
(30,) and with this diſtance of the Compaſles, I move 
one foot thereof gently along the Scale of equal parts, 
till the other; being turned about, it-may only touch 
the Thred, as by the Arch F in the Scheme is repre- 
ſented 3 and fo you ſhall find the point'of the Gom- 
paſſes toreſt 1h 48, which is the fourth proportional 
term required. For, % 


As 50 :1sto 8 : : Sois30 : to 48. - 
This 1s very plain: And the like 1s to be done tin 
all caſes, where the four terms be all of one kid, 
name or denomination. And if'they be of different 
kinds, then the following Examples'will make that 

plain alſo. 3 eoRoure 

Wherefore letus tike an Example in Sines and equal 

Firts, which are Terms of different denominations. 
Lek. Example 


19.90 Example 3. 


Let the Terms of the Proportion ba, 

As Sine 60d. tothe numb. 35 :: So Sine 48 d. to what 
Number ? | 

The firſt and ſecond Terms are,Sine 60 d.and Num- 
ber 35. 

Now to know which of thee two is the greateſt; 
If you take 60 deg. out of the Line of Sines, you 
ſhall find it to be much longer than 35 of the equal 
parts 3 which ſhews that the proportion muſt 'be 
wrought upon the Scale of Sines. 

And the ſecond Term being leſs than the firft, , 
ſhews alſo, that it muſt be wrought by the firſt Gene- 
Tal Rule. Wherefore, | 

Taketbe ſecond Term (35) out of the Scale of e- 

ual parts, and fetting one foot of that extent in the 
foond Term 60 deg. of the Signes, bring the Thred- 
AG to the neareſt diſtance (as at the Arch H,) and: . 
there letit reſt : Then from the third Term (Sine 
48 d.) takethe neareſt diſtance tothe Thred (as-at 
the Arch I ) which diſtance being meaſured upon 
the Scale of equal parts, will reach from the beginning 
thereof to 3o 3 ſothat the Number 3o is the fourth | 
proportional Term : For, | 

ASS. 60 d. is toN. 35 : : So 18S. 48d. to N: 30. 


| But to- frame an Example that may fall under the 
ſecond General Rule : Which, letbe this. 
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Example 4. _ . 


Let the Terms of the Proportion be * 
As$.60d. to N. 90: Sothe$. of 48 d.to what Num- 
ber ? 

' Here by trial yau (hall find that the Number 90. 
(the ſecond Term )18 greater than the Sine 60 d, (the 
firſt Term) and therefore the Proportion muſt be 
wrought upon the Line of equal parts; and the ſe- 
cond Term bcing greater than the firſt, it muſt be 
wrought by the ſecond General Rule. Wherefore, 
take 60 d. out of the Line of Sines, and ſetting one 
foot of that extent in 9o, the ſecond Term , bring 
the Thred K to the neareſt diſtance, as at L, and 
there let it reſt; then from the Line of Sines, take 
the third Term (48 d.) and with this diſtance, move 
one foot of the Compulics along the Line of equal 
parts, till the other, being turned about, may only 
touch the Thred ; and then will the Compals-point 
reſt upon the Line of equal parts, at 77 !, whick is 
the foyrth Proportional Number. For, 

"ASS. 60d. 1sto N. go. So1sS. 43d. toN.77:;. 


Thus have you the ſeveral various wayes of work- 
ing upon the Inſtrument; and theſe 4 Examples 
well underſtood, nothing that 1s to follow, will 
be diftcult ; for whatſoever before was done in 
equal parts alone, the like may be done, (and the 
ſame Rules are to be obſerved) -m-87ner, Tangents, 
Squares, Cubes aloneallo. And what 1s done 1n Sizes 
and equal parts; the like may be done (with the ſame 


Cautions) in Tangents and equal parts. 
, | Tangents 
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Tangents and Sines. 
Sines and Tangents. 
Equal Parts and Squares. 
Squares and Cubes, 
Cubes and Equal Parts, &c. 5 

And having thus laid the Foundation » Iſhallnow 
proceed to Examples of divers kinds, uſing all Brevi- 
ty, and as much perſpicuity as may be. 
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Shewing ſome Uſes of the Line of E- 


QUAL PARTS; fmglyin Arith- 
metick and Gromery 
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I. In Arithmetick, 


Prob, 1, 


To perform Multiplication by the Line of Equal Parts, 


$ the Multiplicand is to the Mvltiplier Cor the 
contrary) lois One (or Vnity) tothe Produt?, 


The R ULE, 


ys the leſſer of the two Numbers to be multiplied, 
the Line , and _ that diſt m—_ of the 
C tr, ſet one foot in the Term of the greater 
Comp 5 "nd bog bring the Thred to t > wa di- 
ſtance: on 0 at the end of the line, Nh 
the _— dif ance tothe Thred ;, this diſtance ſhall 
reach from the beginning of the line to the Produft 
of thoſe two Numbers being multiplied together, 

E Example. 


© i 
- "The Uſes that I ſhall firſt inſiſt upon, ſhall be 
ASTRONOMICAL, and ſuch as concern the firſt Mo- 
tions or Courſes of the Sx and Stars; which are the 
principal uſes to which the —— ag Globe, and other 
Spherical Inſtruments, as Planiſpheres, 9nadrants, &c. 
areſubſervient to. | 
Now becaule it is neceſſary to the reſolution of 
Tach Aſtronomical Problemes, to have the true Place 
and Declination of the Sun at any time given (which 
things the Inſtrument it ſelf will ſhew, the Day of the 
Moneth being only known; but not with ſuch exat- 
neſs (in reſpect of the ſmalneſs thereof) as by ſome, 
at all times of the Year, irmay be expected) I have 
therefore, in the Front of this Second Part, inſerted 
a Table, ſhewing the Place and Declination of the 
Sun for every Day in the Year: The uſe whereof, 
followeth after the Tables, 
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o9]29 5420 ; I4 
Ioo00® 55 20,9 O01 
[101 57,198 49 
1202 58 19:5 " 
13/03 59 198 19 

1405 00 197: O5 
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15/06 oll8s50 
16607 0218 35 


17/08 0318 
18,09 0418 
19'Io Og17 
20]11 o617 
21112 0717 
22113 O08 16 
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_ A Table of the Suns Place and Declination. 
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The Uſe of the Foregoing - TABLES of the Suns Placss 
«nd Declination. PRI 


The Table confiſteth of 19Parts, repreſenting the 
12 Moneths of the Year, as appears by the Titles at 
the Head of each Part. Then on the left hand of each 
Moneth is ſet the number of Dayes therein contained ; 
as January 31 days, February 28 days, &c. Again, in 
the other two Columns.under each Moneth, the one 
contains the degrees and minutes of the Zodiack, in 
which the Sun is at noon, every day 1n the Year; and 
the other ſhews the Suns Declination from the Equino- 
Fial either Northward or Sonthward every day at 
Noon. 

Example, I deſire to know the Suns Place, and con- 
ſcquently, his Declination upon the firſt day of Jarn- 
ary, Look in the Table _ and againſt the 
firſt day thereof you ſhall find 21 Capricorz 45, in the 
Column under the 8s place, which ſhews, that 
the Sun, that day at Noon, is in 21d. and45 m. of 
Capricorn 3 and 1n the next Column under [ s, Decl. | 
you ſhall find 21 46,that ſhews that that day, at Noon, 
the Sun is declined from the EquynoFfF.Southw.21 d. and 
4.6 m. And thus you may find the Suns Place and Dech- 
nation for any day wn the Year; as, 


BE d. m. 
Mar. 16 > 6 ArIes12 | 2-59 N. 
May 11 {{ The Sun, o Ger.34 And: his Y20 21- N, 
Aug. 27S will be 413 Virg.z5 >Dec,willy 6 21 N. 
Oct. 18 in # 5 8cor.is5Ybe 13 19S, 
Nov. 26; > 14 S4ge 43 22 39S, 


And 


» 


.. And herenote, that the Sun never declineth from 
the Equino@1al, Northward or Southward, more than 
23d. 32 m. which is his greateſt Declination ; and fuch 
Declination he hath, when he enters into Cancer or 
Capricorn, which is about the 11 of jJuxc, andthe 11 
of December, making the longeſt and ſtortelt days; 
and when the Sun is in the Equino@ial, he hath thenno 
Declination at all, and then the Days and the Nights 
are of equal length throughout the World ;- and that is 
about the roth. of March, and the 12th. or 13th. of 
September. 

And note further, that from the 10th, of March. to 
the 12th. or 13th. of September, the Sun hath North 
Declination, and he is in Northern Signes, Viz. Aries, 
Taurus. Gemini, Canccr, Leo or Virgo. And from the 
12th, or 13th. of September, to the 20th. of March, he 
hath South Declination, and he 1s in ſome of the Sox- 
thern Signs, asin Libra, Scorpio, Sagitarizs, Capricor- 
n#5, Aquarius or Piſces, All which 1s viltble in the 
Table, according to the reſpettive Tit/es; and there- 
fore no more need be ſaid concerning it in this place. 
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CEESEDOSE DE PEDOOPDODODDOS 
P2oblemes Aſtronomical : 
PERFORMED | 
By the SCALES upon the' Quadran- 
talpartof the INSTRUMENT. 


— 


SE CT.. I. 
I, Of 'the two Curved Scales of Moneths. * 


——_—. 


P rob, I. 


Any Day of the Tear being given, to find what otherDay of 
the Tear is of the ſame length therewith, v 


required to find what day of 
WY the Year off ual length with the 18th 
2 of 0Fober:Lay the thred to the 18th. da 
Y of OGober in the lower Curve; "then will 
we the thred' cut the uppermoſt Curve on 
' - the third day of February; which day is 
neareſt of the ſatne length with the+182h, of 0Go- 
ber 3/ So ſhall youtnd the+ -© "4 COS I AIRS 
ws 3O offl 7 1 B.h 30 20 Ta inc yg 


Y 


2* Pzxobleme&Aſſronomical, 
x of March \ to be near of e-f 21 of September. 


12 of Aug, of 7 qu ual length withs 10 of April. 
I of May \ 22 of July. 


And fo of any ol day of the Year, 


_—_——— w 3 _—_ OY WW 


II. Of the Zodiack, 
- Prob. 2. 


' . The Day of the Moneth being given, to find the 
Suns place in the Zodiack. 


LY. the thred ta the day of the Moneth,and it will 
ew you inthe Ecliptick the place of the Sun. 
| Let the day given bethe 16th. of April, the thred 
laid to the 16th. of April will cut the Zodzack, in 6, 
deg. 29 min. of & Taxrxs, in which Sign and Degree 
the Sun is upon the 16th. of April. 
Nate, That if you find the day - of the Moneth in 
the upper Curve of Mogeths, the: Sun is in thoſe 
es — ok are Charactered upon the upper part 
oe he Zodiacks But if, you Ga the day of the 
- Maoneth in the lower & Curye, then the is 1n 
Cs: are / Charactered A the Zo- 
$0 ſhall you find that on 
the 12 of  eamaty 2 deg.58 m. ofcz, 
_ the 26 of April. (the Sun will 16 deg. gm. of. v. 
ther of cs. 1-4 be in 18d; 47 mo of mk 
. the 18 of OFober, 5 d. 15 M. robe 
Pro 


Prob. 3. 


The - Place of the Sun being eiver, to- find the dry of 
the Moncth, 


Ay the Thred to the Suns place in the Zodiack,, 


and it will cut the day of the Monetheither in the 
upper or under Curve... 


So the Sun being in 18 deg. of =, the Thred laid 
thereto; will cut -the x of OFober in theunder Curve; 
which is the day of the Moneth. Alſo the Sun being in 13 


d. 15 m. of wY fo will cut. the u W, rmoſt Curye in the 
23 oFajrll which isthe da e Moneth. 


For, If the Charader' of the an place be found 


under the ZodiackLime", 'the day v of the ara 
is in the undermoft Citde,! ' but -if the Chara 


of the Sign'be abvye the Line, then the ww a 
the Moneth ——_— Citcleof Moy 


W TI 2 
dt. _ Y  —_ 4 


2 0) — 4a. tu. AY _— ” - ” 7 
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'HI. "of the Art i Declnaion, bh j. 
Prob, 4 


The day of the Moneth being given, to finds the x Suns | 
Declination. 


y the Thred to the day of the Moneth, and; it wil 
| Gr cut the Line of Declination (or the degrees of the 
Bb 2 equal 


+ Paoblemes: Aſtzonomical. 
equal Limb-counted from either ſide of 60d.) in the 


Declination required. -- 

So the day wy, the Moneth being the 6th. of May, 
the Thred laid thereto,will cut the Line of Declination, 
* (orthe Limb from 60) in 19 d. 20m. which is the De- 
| Clination of the Sun Northward _ the 6th. of 


May. 


ES 


Prob bY 


the Sts Peheier ring, gjven 6 to mY the day 
of the Moneth. . * | 


Lf! the Thred t to \the Suns Declination in tHe Line of 


TOY Saas it Mie the day of the Moneth 
both in the upper and lower Cy a 7 
So the, Suns Decluzation, heing 8 deg. South; the 
thred laid ther to, will cutthe I6th, day of February, 
inthe uppermoſt Curye,, andthe 3d. of -Q&ober in the 
lower Curve, on either of which dayes the Sun hath. 
about 3 deg; vv nry ge regen {REAR 
nd here. noreianhs thatuf, © RYITR, ing laid to 
the day of the Moneth KEN he T1; oe hand of 
60 = the Sun hath North Declination; bur if it 
fall on the left hand ha hath South De- 


elination. 
| 1 
« ' \ \ ry * , ( «4 Ji 


Prob. 
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P2oblemes Aſtronomical. 
Prob. 6. 


» The Suns place in-the Ecliptick being given, to it 


his Declination. 


LY y the Thred to the Suns place in the Zodiack, and 
it will cut the Line of Declination in the point re- 


quired. 

Sothe Sun being in 1 deg. of 5s, the Thred laid there- }. 
to, will cut the Line of Declination i in 11 deg. 52 m. 
of North Declination, and ſuch Declination hath the 
Sun when the is the firſt deg. of Tawrxs. 


— 


I IV. Of the Limb of the Quadrant. 
Prob. 7. 


How to take the Suns Altitude by the Quadrant , as 
alſo the Altitude of the Moon or Stars, 


Beck moſt of the Propoſitions following r ure 
the Suns Altit. to be given, 1t will be necellary here 
to ſhew the manner how totake it at any time by the 
uadrant, the Sun — | 
the edgeof your Quadrant are two Sights for 
this ck Foe the pies in both —_—_ hands, 
why your right hand ſomewhat near that fide that 
"x4 the Sights, and your left hand towards the other 
e, by which means you may let it (lip lower, or 


nies Pak pigher;, 48 | 4% Ogcabpn: TOquiFes. then ring the 


left 


+ Fo R - oh | 
5 . - Pzoblemes Altronomicale _ 
1 ſide of your Body to the Sun, hold the Dua- 
drant in both your hands, as is before directed, and 
move it up and down 1n your hand till the Sun ſhi- 
ning through that Sight which 1s next the Center of « 
the Quadrant, do calt his Ray or Beam of Lightup- 
on the Hole of the other Sight, at which inſtant look 
in the Limb of the @»adrant, what degree and parts 
of a degreethe Thred reſteth upon; for thoſe degrees 
are the degrees of the Suns Altitude. Thus for takin 
the Suns Altitude; but for the Moon or Stars you mul 
held the 2»adrant in both your hands, as before, and 
look through both the Sights, till you. eſpie-the Moon 
or Star , whoſe Altitude you require, which when 
you have found, 'looke what degrees the thred cuts in 
the Limbof the 9»adrant; for thoſe degrees are the 
Altitude of the Moon or Star you look at. - 
Likewiſe in the taking of Altitudes of Buildings, 
&-c. you mult look through the Sights till you ſee 


(through them) the top of the Object whoſe height you 


would know. 


i 


V. Of the Houreor Azimuth S cales._. -n 
Prob. 8. | 


TO find the Howr and Minute of the- Suns Riſing and 
Setting, with the leng#h_of the Day-and Night. 


Ay the Thred tothe day of the Moneth,- ettherin 
/ the upper orunder Curve,ſo ſhall it cutthe Scale of 
Hours mn your reſpeQiveLatitiide; uport tlie: jſt Hour 
 and&minute of the Suns Riſing and Setting. So 


. 


| Ptoblemes Altronomical, 7 
So the day of the Moneth given, being the 10th- 
of April, the Thred laid thereto, will cut the Line of 


Hours exa&tly in the point marked with 7, V, ſhewing 
that the Sun riſeth juſt at five a Clock in the Mor- 


ws as appears by V, and ſets at feven a Clock at 
n 


* night, as the Figure 7 repreſenteth. 

Likewiſe, the Thred laid to the 8th. day of Novem- 
ber, the Thred will cut the Hour-Scale at 45 min. paſt 
ſeven a Clock for the Sun-riſing, and at 4 a Clock and 
15 min. for the Sun-ſetting. ERR 


If you double the Hours and Minutes of the Suns 
ring, you have the length of the Night ; and'the 
Hours and Minutes of the Suns Setting doubled, 
give the lengthof the Day. SR 


So on the former 8th. of November, the Sun riſeth 
at 7 hours 45 min. which doubled, makes 15 hours, 
3omin. for the length of the night. And the Sun ſets 
at 4 hours 15 min. which being doubled, makes8 ho. 
30 min. for the length of the Day. 


<—— 


Prob. 9. 


The Suns place in the Zodiack being given, to find 
the Amplitude of the Suns Riſing or Setting. 


He Amplitude of the Suns Riſing or Setting is the 

diſtance that the Sun riſeth or ſetteth from the 'true 

Eaſt or Weſt Points of the Horizon towards either 
.North or South. To find this Amplitude , 

Set one foot of your Compaſles in the Point of the 


” =; 


Ln 


&. Pzoblemes Altrononical, 


- Todiack marked with Y and =, extend the other to the 
Suns place in the ſame Zodiack, apply this diſtance of 
the Compaſfes to- the Azimmth-Scale, appropriate to 
 theLatitudein which you are, by ſetting one Foot in 
godeg. and turning the other towards the right hand 
in Summer, and towardsthe left in Winter, ſo ſhall the 
other Foot of the Compaſles re{t upon the degrees of 
Amplitude from the Eaſt or Weſt, if you ts com the 
degrees included between go and the other foot of the 
Compaſſes; orelſe it gives you the Amplitude from 
the South if you reckon the degrees as they are num- 
bred from the beginning of the Line. 

$0 the Sun being in the 1 deg. of = ; take with your 
Compalles the diſtance from Y or = to one degree of = 
out of the Zodiack; one, foot of this diſtance being ſet 
from go in the Azimnth-Scale,the other being turned to- 
wards the left hand(becauſe it is in Winter)will reſt up- 
on 33d. 44 m. counted from go, whichis his Ampli- 
' tude from the Eaſt or Welt, or upon 56 deg. 16 min. 
counted from the beginning of the Scale, which is the 
Amplitude from the South, becauſe the Sun is in a 
Southern Sign. 

In like manner, if the Sun had been in 4 deg. of 
T, the Amplitude would have been found to be 35 
deg. 36 min. from the Eaſt or Weſt; or, 35 deg. 
36 min. from the South, whichis 54 deg. 24 min. from 
the North, becauſe it 1s Summer, and the Sun is in a 
Nozthern Sign. - 


= 


\* © Problemes Allronomical. 9» 
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Prob. 10. 


THE Suns placein the Zodiack being given,. to find 
the Declination another way, differing from that in. 
the 4th, Probl. | 


Ake with your Compaſlesthe diſtance from Y or = 
to the Suns place 1n the Zodiatkh, apply that di- 
ſtance to the- Scale of the fans Altitude, or Line of 
Sines, from the . beginning thereof, ſo ſhall the other 
foot ſhew the declimation required; 
: mn. ei oa L oang ws A deg. of &, this diſtance be- 
ing taken fromY or= out of the Zodiack, will reach 
from the beginning of the Line of the Suns Altitude, 
or Line of Sines, to 20 deg. -and ſuch is the Suns de- 
——q__ Northward, becauſethe Sunis in a Northern 
ign, | 


Yo-s 


— .—_ 


Prob. 11. 


The Day of the Moneth (or place of the Sun inthe Zodi- 
ack , or- his Declination ) being given, to find the 
Suns Altitude at all hours, , ; 


* His Propoſition is of ſingular uſe in the making of 
Inſtrumental Dials, as EquinoGtial Rings, and 
Cylinder-Dialks, as alſo in the making Quadrants and. 
ther Inſtruments that give the hour of the Day, by 


Cc the _ 


- © OY 


'46, Pzoblemes Aſtronomical, 

the Altitude of the Sun. It is alſo of ſpeci 
putting into all ſorts of reflex Dials and = gp 
Signes of the Zodiack, the Parallels of the length of 
the Day, and other kin&of Furniture for the adorn- 
ing and beautifying of large Plains, of which, I ſhall 
have occalion to diſcourſe more at large in another 
place. The Propoſition is thus to be performed : 

Lay the Thred to the Day of the Monetlrupon 
which you delire to the know Altitude of the Sun at 
all hours; the thred there reſting,take with your Gom- 
pales ;the leaſt diſtance from-'each hour-point in the 
Scale of hours (aifwerDleto the Latwude:dcfred ) 
and meaſure thoſe diſtances upon the Line: of the Suns 


Altitude, or Line of Sines, the number of degrees and 
minutes which 'the point of theo Doua ulky .vA up Vi, 


ſhall be the degrees and minutes of the- Suns Altitude 
at thatihour.:: .- : ©. | | 
Soin'our Latitude of :91 d. zo m. If wewererequi- 
red to find what Altitude the Sun ſhall have at all hours 
upon the 12 of Auguſt, at which time the Sun 1s 1n the 
beginning of Yirgo : Lay the Thred tothe 12 of Aug. 
or beginmng of #xrgs, -and-keep it-theres-then;—- — 
Firſt, Take with your Cympaſles the diſtance from 
* XIlin the Hour-Scale to the Thred, and apply this di- 
ſtance to the Scale of the Suns Altitude, or Line of 
Sines, it willreaeh.fromthe-beginning theregf to30.d:; 
and ſuch.is the Altitude of the-Sun at 12. of-the Clock 
upon the 12 of Auguſt, þ.: KASEE 
Secondly, Take the leaſt diſtance from XI and 1 a 
Clock m the Hour:-Scale to the Thred, this daftance ap- 
© plied tothe Line of Sues, or Scale of the; Sims Alti- 
- tude, gives 48 d-12-m tor the, Suns, Alitade at E1G- 
"F&n oQneof the; {lock pn-the {ail 12.6 Agr Fc: 
5 5 Wider 


Pzoblemes Aſtronomical, i © 


Do the like for all the other hours of that day, and 


you ſhall find 
| deg. min, 
X or 2 " 3 - ip 
IX or 3 = 07 
the Suns Alt. atzs VIII or 4 S to be<27 -_ 31.” 
VII or 5 18 18 
VIors S---.0 


By this Rule you may make Tables for the Suns. Al- 
inade atall hours of the day, for any day of the year, 
or for any degree of the Sun in the Zodzack, or for any 
degree of the Suns Declination ; of one of which, I 
have here given you an Example, which is 


A Table ſhewing what Altitude the Sun 7 
have at every hour of the day, the Sun being 
inthe beginning of each Sign,in Latitude 519. 
30 min. 


D —————_ 


(Morn. hour- | K1] RX | 1x, vin|-vii) vi 
Aftern. hou- I L 
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This Table is of good uſe for the making of fack 
Inſtrumental Dials as I mentioned in the beginning of 
- this Prop. 


When the Sunis in the Equinoctaal, there is no need 
of the Thred; for then you need only take the di- 
ſtance from VI to every other. hour, and apply thoſe 
diſtances to the Scale of right Sines, and thoſe Ex- 
rents there meaſired, ſhall be the Suns Altitude at 
thoſe refpectrve hours. 


Vote, That whatſoever isin this Prop. ſaid concern- 
ing whole hours, the like is to be underſtood of 
parts of hours, as halves and quarters, &*c, 


— —_— —_ —_— 


Prob. 12. 


The Suns place or declination being given, to find what 
Altitude he. ſhall have when he cometh to be due Eaſt or 


Weſt. 


We with your Compaſſes the diſtance from Aries 
- tothe Suns place in the Zodiack,, with this di- 
ſtance of the Compaſſes ſet one foot in go in the Az;- 
muth-Scale proper for your Latitude, then turning the 
other about , bring the Thred till it only touch the 
moveable point of the Compatles, then count how ma- 
ny degrees of the Quadrants Limb are contained be- 
tween the Thred and 60 deg. . for ſo many _— high 
ſhall the Sun be when heis juſt upon the Eaſt or Weſt 
POmts. SO 


A 


So the Sun having 20 deg. of Declination, his place -. 


then being in 29, deg, of Tawrw, if you take with 
your Compaſles the diftance between Aries and 29 
deg. of Tawrs out of the Zodiack,, and (et one foot 


of that extent in go on the Azimuth-Scale; if you 


turn the other foot about, and bring the Thred to 
touch the moveable point, the Thred will then cutthe 
Limb in 25 deg. .55 min. counted in the Limb of the 
Quadrant from 60 towards the left hand, 'and ſuch al- 
titude ſhall the Sun have when he: cometh to be due 
Eaſt or Welt. | 


Prob. 13. 


1he.place of the Sun being given, to find what Altitude 


be ſhall have upon any Azimuth. 


His Propoſition 1s-of good uſe for the framing of 
Tables for the ready making of Inſtruments that 
ſhew the Azimnth of the Sun by the Altitude given, 
the working whereof differeth little from the former 
Prop. 
F un if youtake with your Compaſles the diſtance 
from Aries to the Suns place out of the Zodzack, and 


ſet one foot of that diſtance upon. the Azimuth-Scale, 


proper for your Latitude . (upon that Azimuth on 


which you require the Suns Altitude) and turn the 


other about till the Thred only touch the moveable 
point , the Thred will cut in the Limb the degrees 
of- the Suns Altitude upon the given Azimuth, if 


you count the Degrees frqm 60 tawapds theleft on 


\ 


\ 


b , "© 


14 


of; the Compaſles, you 


fingularuſe, I haveframed 


A Table ſhewing what Altitude the Sun ſhall have wporr 
every Toth. Azimuth in the oy of each Sige in 


Latitude51 d. Zom. 


410bl "Altronomical, 


"So if the Sun-were . in the beginning of 84gitarius, 
and it wererequired, to find what Altitude he ſhould 
have when'he ſhall be -upon the'40 Azimnth from 
the Meridian; it you take with your Compaſles the 
diſtance: from Aries to Sagitarizs, and ſet one foot 
thereof upon 40 degrees 11 the Azimutk-Scale , and 
bring the Thred. till it only touch the moveable; point 

ſhall find the Thred to reſt 
at 9.deg. 14 min. of the Quadrants Limb counted 
from 60, and: ſuch. is the Altitude of the Sun upon 
the 40th. Azimnth from the Meridian, when he is in 
the beginning of Sagitarizs; and the like for any other 
/ Azimuth , or any. other place of the Sun in the Zodi- 
ack, According to this Propoſition, it being of ſuch 


Ai. S I|lY SQ 
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In working of this Prop. by the Quadrant, when 
the Sun is inthe EquinoGhal, there will be no need of 
the uſe of the Compaſſes; for if you lay the Thred 
upon any number of the degrees of the Azizmth in 
the Azizmth-Scale, the Thred,will cut the Limb of. 
the Quadrant in the degrees of Altitude that the Sun 
thall have upon that Azzzuth-upon which the 'Thred 
lies, if you count the degrees of the Quadrants Limb 
from 60 towards the left hand... Ts I, 


Note, Ththe working of, this Propoſition, that if the 
Sun be 1n a_Northern Sign, and have Norch de- 
clnation, the moveable point of the-Compaſles. 

Wir there hand edge of the Quadrant, but 

it when the Sun is in_ South Signes,. towards the 

"right hand or right edge.of the Quadrant. 


a. 


rn 


—___—_— 


hs Prob. 14. 


The Suns Altitude, andh has, place in the Zodiack being 
given, to find bis Azimuth from the South. 


 p*Ake' with your Compaſles, the diſtance from Aries 
| + to the Suns place in the Zodzack, and lay the 
Thred to the Suns Altitude, counted from 60 in the 
Limb of the Quadrant towards the left hand. then, 
ſetting one foot of your Compaſles upon the Azimuth- 
Scales proper for your. Latitude, move.it gently along 
' theſame, till the other, ar: bojag ramped Shouts may 
only totich the Thyec the .Compaſſe-poinr 
only totch che Thigdy h ſhall phe Gompalihrpoinr 


| 
/ i P 


xs - Pbittits Aﬀedttonteal, 

tf} juſt” tþ6n, 'the Aziprth from” the ' South, . 

Sg the Suri being in the third degtee of Yirgo, and 
kis Altitude being 35 deg. If you take the diſtance 
between Aries and Virgo, out of the Zodiack, and lay 
the Thred to 35 deg. the Suns Altitude (counted. 
in the Quadrants Limb from 60 towards the left hand) 
and-ſet onefoot of the Compaſies upon the Azimurh- 
Scale, and theremove it along (either backward or 
forward) till the other foot being turned about, do 
only touch the Thred; fo ſhall you find the foot of 
the Compaſſes to reſt upon the Azimmth-Scalc at 60 
deg. 42 min. and that is the Suns Azimmth, from the 
South, when he is in the beginning of Virgo, and 
grees trotti 9o to the; place Whete "the Compalies do 


» 


reſt, you ſhall find them tobe 29 dep, 18 min. which 


is the Suns 4z7zmith from cither Eaſt or Weſt, accor- 


ding to the time of the day in which you obſerved 
the Altitude. | 


 _ 


Prob. 15; 


The Suns place together with its Altitude, being given , 
- "pod the honr of the Day. | 
. j {i 4+ "ik LEY | 


v 


: J AypbEtred to'the day of the Moncth, (or to his 
©” placein the Zodl7ack): and take the Altitude out 
"vf the Scale of the *Suns Altitade, or Line of Sines, 
with this diſtance; ſet'one foot of the Compaſles up- 

- off the'Hour-Stale proper to your Laritude, moving 
"a &falre} "41 the other foot being turned about, may 
-17T | only 


.() 


*% 


only touch the Thred , ſo ſhall the Compaſ-point 
reſt upon the true hour from Noon. 

So the Sun being an before) in the beginning of 
Virgo, and his altitude 35 deg. if you lay the Thred 
thereto, and take 35 deg. (the Suns altitude) out of 
the Scale of right Sines, and apply one Foot of this 
diſtance to the Hour-Scale, moving it along till the 
other Foot being turned about, do only touch the 
Thred, you ſhall find the Foot to reſt at 3 hours, and 
about 7 min. from the Meridian, which ſhews that it 
is 7 min. paſt 3, if it be in the Afternoon; or wants 7 
min. of IX, it 1t be in the Forenoon, 

Note, That every hour (except thoſe near 12) is 
divided into 15 parts or degrees, cach part or degree 
repreſenting four minutes of time. 


hy. — —v_ '* Or EEE oo I In noo ooo onto es 90: as, ee 0: oem 


Prob. 16. 


To find 'the moment of time when the Crepuſculum or 
Twilight begins or ends, the Sun being in any degree 
of North or South Declination, Mb 


LY the Thred tothe contrary Declination to what 
the Sun 1s in, that 1s to ſay, if the Sun have 20 
deg. of North declination, then take (alwaies) 184. 
out of the Line of the Suns Altitude, or Line of 
Sinesz and ſetting one Foot of that extent upon the 
hour-Scale, moving it along till the other only touch 
the Thred, the point of the Compaſles will reſt up- 
on the time of the beginning or ending of the Twi- 
light, counted from Midnight. 

Dd Thus 


x»$  P2oblemes in Dialling 
Thus the Sun having 11 deg. 31 min. of North 
declination , if you-lay the Thred to 11 deg. 31 min. 
-. of South declination, and take 18 deg. out of the 
- Scale of the. Suns Altitude, moving one Foot of that 
extent upon the Hour-Scale, till the other touch the 
Thred , yori.ſhall find the Compaſs-point to reſt up- 
on ſomething more than 4.1 min. paſt 2 in the morning, 
and the evening-Twilight will end at about 18 min. 


paſt gat night. 


-* Note here, That inSummer it may fo fall out, that 

- theextent of x8 deg. of theSines will not come 

.; to-touch the Thred, and reſt upon the Hour- 

| Scales. all which time you ons know, that 

there is'no dark 'night at all; but the Twilight 

- Jaſteth all night long; which here in this our 

Latitude of Londox, is from about the 12 of 

May to the 13 of July; in all which time the 

Sun doth not deſcend 18 deg. below our Hori- 
--:"-:; 


The End of the ASTRONOMICAL + 
| -PROBLEMES. 
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P2oblemes in Dialling : 
Both UNIVERSAL and P ARTICULAR: 


PERFORMED © -* 
By theLines inſcribed onthe. Quadrar- . 
talpartof the{NST RUMENT SS 


SECT. IL ©. 
A Declaration and Deſcription of the 


ſeveral Plains upon which Dials are 
to be made. | 


ment are of ſingular uſe in the uſe of Dzal- 

= ing; for by them may.be made with. great * 
eaſe and craitnet? All the moſt uſual forts of Sym 
Dial: inany Latitude, that 1s deſcribed: upon .the In- 
ffrument; as all Horizoxtal, and ered, Fires North, 
Sourh, Eaſt or Weſt Dials; alſo all dire&;Eaſt, W 
North or South Reclining or Inclining Djalsz , anc 
all »pright Dials- whatſoever , whether dire or 
eclifing: And of theſe in order, | 
| Dd 2 But 


» , 

. . oF 
« : J s, 
", 
LR ” 


T HE Lines upon the foreſide of the Inſtru- - 


Au% P2oblemes 4n Dialling. 


But before I come. to ſhew you how to make the 
Dials, it will be neceſlary to diſcover unto you what 
Plains are fo, and ſo denominated: And therefore, 


- "To An Horizontal Plain, 


_ » Is ſach-a Plain as lieth exattly parallel to the Ho- 
rizon , and ſuch are thoſe Dials as are uſually made 
and ſold to ſet upon the top of a Poſt in a Garden, or 
elſewhere; the topof the Poſt, or other thing, upon 
Which theDial is fixed, lying'level or parallel to the. 
Horizon of the place: 


2. An Ered& Plain 
Is ſuch a Plain is is pe pendicular to the Horizon ; 
as are the\1des of Walls pun upright Building what- 
ſoeverz whethet: Tower, Steeple', Houſe, or the 
like. _ And of *theſe Erect Plains there are two-ſorts. 
* 1, Ere&tdire&. And, | 
2, Ere& declining. 
it So . 


7.1 3 AnEreRt diret Plain, 


\ 


* Ts fuch a Plain, as being ere&, or perpendicularta 
the. Horizon asbefore; , doth alſo behold, or look di- 
realy towards, either the true Eaſt, Weſt, North or 

South-points of. the Heavens;. and all, Plains that are 

_— orupright, and thus ſituate, are called Ere&7 dire# 

ts IA LAL Te | ods 


4s An 
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- 
* 
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4 An Bred declining Plain. y « i: 


Is hich aPiain, which chough! it be cnet ar weright 

doth not directly behold the true: Eaſt, Weſt; North 

or yen 3 of the Heavens, :but looketh .oblique- 
ly, ordeclineth from cither of thoſe points, and-fais, 
termed an Ere@, but Declining Plain. And the De- * 
clination of ſuch Plains, 18. ;alwaics accounted ' from 
the North or South points of the -Heavens, towards 
the Eaſt or Weſt. For, if a Wall- or. Plain lying o- 
pen towards the South, but-doth not. direttly behold 
the. South, itis ſaid: to decline; and: it this Dechinati- 
on be @yhen you. look upon the Plain) towards: the. 
right hand, the Plain is ſaid to be an Ere# Plaza, de- 
chning from the South Eaſtward. - But if this Decli- 
nation of the South be towardsthe left hand, the plain 
i5 faid-to-be an,/Ere@; Plain declining fiom! the/ South 
Weſtward. And. what is here ſaid of 'South decliniors 
Plains, the ſame 1s to be underſtood of North-decliners 
alſo; for of theſe Plains, there 1s only four. yarietiesz 
and thoſe are, 


Gs 


South-de- SEaſt South md Eaſt. 
clining Weſt, which behol- YSouth and the Weſt. : 
deth both — 
North-de- Eaſt 3 the | North and the Eaſt, 
clhning 2Weſt "tation theWelt, 


5. A- Reclining Plain... 


LEY 


ap, 5d 0h je 


1 8 * Fy 
"I-labh > Plyin 45 ig Grughs.neibite- 
withthe Homzqn,.as theHerizbraal Plai 
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tlel oo 
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ere& or perpendicular thereunto, as the Plains laſt de- 
ſcribed ; but reclineth or bendeth [from the Zenith of 
the place towards the Horizon, making an Angle there- 

with :: Andfſuch Plainsas theſe, I cannot better define 

unto you, than by comparing them to the Roof or 


Covering of a Houle, :the outlide of the Tiling where- 
of is'a Reclining Plain. Mitt} 


6. An Inclining Plair. 


As the Reclining Plain was compared to the outfide 
of the Tileing or Covering; of a Houſe, ſo may the 
Inclining Plain bealſo: compared: to the Inſide, of un- 


der part of the Covermg of a Houſe: | 


Now of Reclining and Inclining Plains, there are 
the ſame Varieties as of Ere&# Plains; for if they do 
dire&tly behold either the Eaſt, Weſt, North or South- 
Pointsof the Heavens, they are termed Dire Recli- 
ners or Incliners: But if they do not direQtly behold 
any of thoſe Points, they then decline, and are termed 


South ? 


; of -.' Þ:Reclining | 


.: South: 9+: 110 \ 
CO Pink 
. © North 


> Declining Plains, | 
$3 a 3165 7 -9L 


 Yory.. 
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_ ©» But of thislaſtſort of Reclining and Inclining Plains 
| Deglining/ Tſhall-fay:nothitip in this-place 5- eibr but 
_ thatihe:Lines'tipor the'Shſtevincnc Will: _ 
i - - | - 
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Dials alſo; but becauſe of the many Varicties there 
are of them; and they ſeldomcome inuſe or pradtiſe : 
And beſides, I intend not to make this an abſolute 
Treatiſe of Dialling 3 but only ſhew what the Lines 
upon the Inſtrument are (in ſome meaſure) capable of 


performing. ,_._ \\ -.,. +. 


But that the former Definition of Plains may be 
better underſtood, take the ſight of the foregoing 
Figure: | 

In which, the Line A B repreſcateth. an Horizontal 
Plain. *;; | po» | 

The Square CDEF © an Erect or Up- 
right Plain, whether direct or declining. 

The SquareE F G H repreſenteth an Inclining Plain, 
And, = | 

The Square ABCD repreſenteth a Reclining 
Plain. a4; | 


I ———————— 
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How to find the Situation of any Plain, both in reſpect 
of Reclination a#4Declination, or both. 


oo a 


| penn you can make a Dial to any y_ or Plain 
1 


propoſed, you muſt firſt know the ſituation there- 

4 of, inreſpect cither of. te. 2clination, or Declination , 

or both; and-that ſhallbe the woxkof this Seftion. 
And before this -; clination or” Declination can 


well be attained, you muſt know 


How 
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| How to draw an Horizontal Line upon any Plain. 


_— ſuch a Plain as we call Horizontal (or Le- 
vel) infinite Horizontal Lines -may be drawn; for 
the Plain it ſelf being an Horizon, every Line drawn 
thereon is an Horizontal Line. But, - 

2. Upon an Ere& Plain, ſuch as is CDEF, one 
Horizontal Line drawn thereonis ſufficient z and ſuch 
an Horizontal Line is the Line KML, which is to be 
drawn in this manner,---Your Inſtrument or Quadrant, 
havinga Thred in the Centre, with a Plummet at the 
end of it, apply the back-fide of your Inſtrument flat- 
wiſe tothe Wall or Plain, moving it up or down, till 
ſuch time as the Thred and Plummet hang direQly up- 
onthe Line MT ( as 1s repreſented inthe Figure upon 
the Plam CDEF, ) and then by the edge) of the 
Quadrant M L, draw the right Line K! \ , which 
ſhall be the Horizontal Line of the Erect Plain 
CDEF. 

3. To draw this Horizontal Line upon a Reclining 
Plain, lay a Ruler, as 4 b, thereunto, and to the un- 
der-edge of the Ruler, apply the (ide of your Inſtru- 
ment M L, moving the Ruler and Quadrant both to- 
gether, upwards or downwards, till the Thred and 
Plummet fall juſt upon the Line MT of the Inſtru- 
ment; then draw a Lineby the {ide of the Ruler, 
and that ſhall be the Horizontal Line of the Plain, 
and is repreſented in the Scheme before-going in the 
Reclining Plain AB CD, by theLineKL. | 

4. Todraw this Horizontal Line upon any inclining 
Plain, it is to be effected in the ſame manner as in the re- 
clining Plain, and this Horizontal Line is repreſented by 
theLineK Lim the — PlanEF GH. 

1 e How 


